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Difficulties in Determining the Benefits o f Riparian Grazing Level Indicators to Water 
Quality and Stream Corridor Condition in Southwest Montana
Chairperson: Dr. Don Po
To evaluate die efficacy of indicators o f riparian grazing as BMPs to protect water 
quality and stream condition, I examined linear correlations between selected grazing 
level indicators (GLIs) and selected indicators o f water quaUty, riparian area condition, 
and condition o f in-stream aquatic habitat in southwest Monhuia. The GLIs tested were 
streambank alteration, streambank stubble height, browse on riparian shrubs, key area 
forage as percent k ^  area grazed, and key area forage as key area stubble height 
Spearman rank correlation analysis revealed no valid significant linear correlations 
between GLIs and indicators of water quality. Correlation analysis revealed several 
significant linear correlations between GLIs and indicators o f riparian area condition and 
indicators o f in-stream aquatic habitat. Indicators o f in-stream habitat were correlated 
more often to streambank alteration than to GLIs related to vegetation use by livestock. 
Indicators of riparian area condition were correlated most often to percent key area 
grazed and key area stubble height Discussion includes an evaluation o f the study 
design, in which confounding influences o f land use and environmental factors on 
correlation results are discussed. Specifically, limitations on the study design included the 
lack o f a control area with similar conditions but that had not been grazed in recent years; 
no control of grazing duration, intensity, or timing on the study reaches; and using a 
extensive assessment approach not specific enough to isolate the effects o f land 
management on water quality parameters. Recommendations are given for use o f GLIs, 
based on the significant correlations found am<mg study variables and based on 
observations derived fi-om having monitored the grazing level indicators over time. 
Results of diis research support an emphasis on improving stream and riparian area 
condition instead o f relying on numeric water quality standards for management o f non­
point source pollution.
11
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Acknowledgements
This research would not have been possible without the fimmcial support of the Montana 
Department o f Environmental Quality, the Environmental Protection Agency, and the 
Bureau o f  Land Management. Thanks to personnel at the Bureau o f Land Management 
Dillon, Montana office and at Montana DEQ who provided technical support and use o f 
equipment Many thanks to Tim Bozorth at die Bureau o f Land Management Montana 
State office, viio was instrumental in initiating this project and was supportive o f this 
research. 1 extend many thanks as well to the landowners in Medicine Lodge Creek 
valley, who were more helpful and su j^ rtiv e  than I could have hoped for.
Many people contributed to this research. Thank you to Donna DeFrancesco for 
providing guidance and help with the research for this project, and to others who assisted 
in this research: Peter Spatz, Jonathan Oppenheimer, Rob Tawes, Jay Hall, Jack 
McWilliams, Ken Miller, Scott Godfrey, and O brien Hollow. Many thanks to the web 
page and database gurus at RWRP, Ryan Benedetti and Tom Keith; to Patricia Hettick 
for GIS support; and to Susan Tolliver and Vicky Rostovich for ad^tional web page 
support. Other support staff at RWRP helped with data entry and management, and 
numerous other forms o f support: many thanks to Andrea Thompson, Mary Keith, and 
Lark Osborne. I extend my thanks to other RWRP staff, fellow graduate students, and 
faculty in the School of Forestry who gave advice and provided information: Bill 
Thompson, Dr. Hans Zuuring, Dr. Don Potts, Dr. Bob Ehrhart, Gant Massey, Erik 
Ringelberg, and Nick Bezzerides.
Thank you to my committee members. Dr. Vicki Watson and Dr. Tom DeLuca, and to 
my committee chair. Dr. Don Potts. Thanks especially to my advisor Dr. Paul Hansen, 
who believed in my abilities and gave me a great opportunity, for which I am most 
grateful.
Finally, thank you to my family and friends for being patient and supportive of this 
endeavor.
Ill
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PREFACE
The Bureau o f Land Management (ELM) in Dillon, Montana has worked with ranchers 
using riparian grazing level indicators (GLIs) to improve condition of the channel and 
riparian area on rangeland streams in southwestern M ontana This study was undertaken 
because ELM personnel wanted to know if  the GLIs could be used to predict water 
quality, and therefore be used as a tool to prevent water quality in grazed streams from 
exceeding threshold levels specified for State water quality standards. The ELM wanted a 
study to determine if  there was a simple linear correlation between riparian grazing level 
indicators and common water quality parameters. Even in the most controlled 
environment, this is a difficult and ambitious undertaking.
Several limitations to the design, such as the lack o f a control site available, with similar 
conditions but no recent history o f grazing, and no control over the amount o f grazing at 
the study areas, rmsed concerns from die beginnii^ about the likelihood o f answering the 
question. Moreover, many relevant parameters would require study too long for an M.S. 
thesis, given the natural variability o f the parameters in the ways they react to land use 
and environmental factors. However, it was undertaken to see what could be learned: 
what the problems would be, what sorts o f parameters made sense, and at a minimum, to 
provide a baseline case study o f the area to allow future assessments to determine some 
o f the longer term effects. Conclusions from this study include a critical examination o f 
the role o f numeric water quality standards in management o f non-point source pollution.
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INTRODUCTION
Background
Overgrazing of riparian areas by livestock has been one of the major causes of 
degradation of riparian areas and streams in the American West. However, grazing 
practices have improved over the last century, and as we gain more information about the 
role of grazing in the western landscape the potential increases for implementing grazing 
practices more conducive to conservation of stream ecosystems. Defining the potential 
effects of grazing on stream systems requires an understanding of the interactions among 
riparian areas, stream channels, and water quality, and the way grazing may affect each 
component.
Potential graang Impacts to riparian areas and streams—The effort to determine 
relationships between riparian grazing and water quality has been fueled by an ever 
increasing public scrutiny of grazing in riparian areas, due to its demonstrated and 
potential impacts to water quality and riparian habitat. Numerous studies have shown that 
grazing can have negative impacts on riparian areas and streams, if  managed improperly.
Overgrazing may have direct effects on water quality, or may influence water quality 
indirect effects through impacts to channel and riparian area condition. Water quality, 
channel condition, and riparian area health are inextricably linked, and should be 
considered in light of one another. This complex set of interactions also creates a 
challenge in defining the influence of grazing on one particular aspect of the riparian area 
and stream.
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Influence o f overgrazing on riparian areas. Riparian areas are defined as the interface 
between aquatic and terrestrial ecosystems (Kovalchik and Elmore 1992, Hansen and 
others 1995). A riparian area is considered healthy when it can perform its normal 
functions. Such functions include filtering sediment, stabilizing and building 
streambanks, storing water and recharging the aquifer, providing habitat for fish and 
wildlife, and dissipating stream energy (Skovlin 1984). The most common cause of 
deterioration of riparian areas in western rangelands in this century is overgrazing by 
domestic livestock (Clary and Booth 1993, Kovalchik and Elmore 1992). Cattle and other 
livestock often congregate in riparian areas because of relatively easy access, available 
water, high quality forage, and shade they provide (Skovlin 1984, Kovalchik and Elmore
1992).
The cumulative effects of overgrazing for the last 100 years have contributed to the 
reduction of the shrub component along many streams in the West. In overgrazed 
conditions, livestock may prevent regeneration through browsing, trampling, and 
rubbing. Removal of shruW from the edge of streams causes more extreme water 
temperature fluctuations, increased bank erosion, increased sedimentation, wider and 
shallower streams, and fewer undercut banks to provide important cover for fish (Skovlin 
1984, Armour and others 1991). Loss of riparian shrubs results in a severe loss in riparian 
wildlife habitat, as many wildlife species are attracted to riparian areas for their complex 
vegetation communities and structure.
Compaction due to overgrazing reduces the density of vegetation by reducing the amount 
of air and water available to plant roots, which decreases plant vitality (Trimble and 
Mendel 1995). Areas with more highly compacted soils do not support native riparian 
vegetation as well as areas with higher porosity, and tend to favor a shift toward more
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
shallow-rooted, often exotic pioneer species, including invasive plants. Increased 
overland flow from soil compaction and reduced vegetative cover generally increases 
sediment deposition and the concentration of other pollutants in streams, such as fecal 
coliform bacteria from nearby manure deposits.
Influence o f overgrazing on stream channels. Overgrazing may affect channel condition 
directly, or may have indirect effects from impacts to riparian vegetation and soils. The 
stabilizing action of riparian vegetation allows undercut banks to form and helps prevent 
sediment from overland flow from entering the stream (Clary and others 1996, Platts 
1978). Riparian trees, shrubs, and sedges (Carex sp.) generally protect banks from 
trampling better than shallow-rooted grass species (Hansen and others 1995, Kleinfelder 
and others 1992). Removal of streambank vegetation by overgrazing can therefore lead to 
increased levels of sediment deposition in streams from streambank erosion.
Sediment added to streams from overland flow in surrounding areas and from streambank 
erosion alters stream morphology and reduces the quality of aquatic habitat. An 
accumulation of fine sediment reduces the flow of water through gravels harboring 
salmonid eggs, hindering emergence of newly hatched fish, depleting oxygen supply to 
embryos, and causing metabolic wastes to accumulate around embryos, resulting in 
higher mortality rates (Armour and others 1991).
Compaction of soil and removal of vegetation at a watershed scale has the capacity to 
alter stream flow patterns and channel characteristics. Changes in the sediment loads in 
streams and in channel morphology due to grazing may cause stream channels to become 
wider and shallower (Kauffman and Krueger 1984, Moyer and others 1998). Cattle 
trailing along streams can have detrimental effects on stream channels as well. Trails are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
created where cattle repeatedly use the same path, and form as narrow troughs from 
compaction of the soils in the trail and displacement of soil to the sides (Trimble and 
Mendel 1995). Concentration of overland runoff along cattle trails may lead to gully 
formation and delivers water and sediment to areas already susceptible to erosion 
(Trimble and Mendel 1995), such as cattle crossings and wallows.
Influence o f overgrazing on water quality. Grazing has the potential to affect water 
quality parameters such as water temperature, dissolved oxygen, presence of pollutants, 
turbidity, nutrient regimes, and sediment, all of which affect the quahty of water for 
aquatic habitat (Skovlin 1984, MacDonald and others 1991).
Riparian vegetation is an important influence on the condition of aquatic habitat and 
water quality (Kauffrnan and Krueger 1984). Riparian vegetation plays an important role 
in regulating water temperature, increasingly a limiting factor for native trout habitat in 
western streams. Overhanging vegetation shades the stream, resulting in lower 
tanperatures in summer, and provides some insulation to toe stream, thereby moderating 
winter temperatures (Myers 1989, Wesche and others 1987, Beschta and Platts 1986).
The removal of shrubs from riparian communities by long-term overgrazing is 
responsible for raised stream temperatures on many western streams (Platts 1991), due to 
a reduction in shade or indirect effects of shrub removal. Increases in stream temperature 
may result when stream banks not protected by woody v^etation are trampled by cattle, 
causing stream channels to widen and become more shallow (Platts and Nelson 1985). 
Increased stream temperature may also result from riparian area degradation and 
subsequent channel downcuthng, lower water tables, and decreased summer flows (Bauer 
and Burton 1993).
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Nutrient enrichment is often used as an indicator of water quality in rangeland streams. 
Studies have given contrasting results regarding the effect of grazing on concentrations of 
phosphate and nitrate in stream water or surface runoff (Mosley and others 1997, Milne 
1976, Bauer and Burton 1993, Gary and others 1983). A high degree of variability in 
nutrient levels and the large number of environmental influences on nutrient levels are 
likely reasons for the lack of conclusive results in studies investigating nutrient level 
responses to grazing. Changes may be difficult to detect because nutrient levels are often 
fairly low in mountain streams in arid rangelands where cattle are widely distributed and 
runoff is generally light (Bauer and Burton 1993).
Grazed areas were shown to have the highest fecal coliform bacteria (FC) counts when 
compared to ungrazed areas in grazing and water quality studies (Tiedemann and others 
1987, Bohn and Buckhouse 1981, Doran and others 1981). Pastures grazed under high 
livestock density and with season-long grazing had the greatest bacteria concentrations, 
but the duration of grazing may have more influence on FC levels than stockii^ density 
(Tiedemann and others 1987). Fecal coliform bacteria levels are difficult to tie to 
management because FC may persist for up to a year in animal wastes, and may enter the 
stream when vrastes are flushed into the stream (Tiedemann and odiers 1987). Several 
studies have linked higher levels of FC to higher grazing intensity, but a high degree of 
variation in FC data and characteristics of natural systems makes interpretation of such 
data difficult (Larsen 1996, Bohn and Buckhouse 1981).
Overgrazing can be detrimental to aquatic macroinvertebrate communities and habitat. 
Aquatic insects need large substrate such as wood or rocks on which to attach and under 
which to take cover from predators such as fish. Overgrazing may reduce habitat
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available to macroinvertebrates by causing excessive sediment to enter the stream, filling 
in spaces among rocks and covering larger substrate used as attachment sites for 
macroinvertebrates. Several studies indicate an increase in sediment may cause the 
composition of macroinvetebrate communities to shift, with more disturbance-tolerant 
species increasing (Bauer and Burton 1993).
Use of grazing level indicators for monitoring riparian grazing—Although improper 
grazing management in riparian areas has often had negative impacts on riparian areas 
and streams, many researches believe that livestock grazing does not have to be 
detrimental to riparian and aquatic habitat (Ehrhart and Hansen 1997, Armour and odies 
1991). Standardized grazing systems alone are often insufficient to protect riparian areas 
and streams, as many of them were designed with uplands primarily in mind (Mosley and 
others 1997, Bengeyfield and Svoboda 1998). Monitoring grazing use levels by livestock 
on streamside areas is one management technique allowing for a site-specific approach to 
sustaining or improving riparian area condition and water quality in areas under livestock 
grazing.
Grazing level indicators (GLIs) are employed to determine when cattle should be moved 
ft'om a particular stream reach based on use levels present and the susceptibility of a site 
to degradation. Accepted grazing level indicator include 1) streambank alteration, 2) 
streambank stubble height, 3) browse on riparian shrubs, 4) key area stubble height, and 
5) per cent of key area grazed. These GLIs are based on criteria known to affect the 
quality of riparian and aquatic habitat
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Allowable use levels are specified for an area based on its sensitivity level. Typically, 
sensitivity of a given wetland or riparian area is determined by an interdisciplinary team 
based on beneficial uses of the waterbody, wetland type, presence of threatened and 
endangered species, stream type, and recreation considerations (Hockett and Roscoe
1993), Intended use of riparian GLIs includes moving cattle when any one of the 
threshold levels is met or exceeded. Cattle must be removed from the riparian area when 
any threshold level is met for use of GLIs to qualify as a grazing BMP (Hockett and 
Roscoe 1993).
Riparian grazing level indicators can help managers to determine the impacts to which 
grazed riparian areas are most sensitive under the current grazing strategy. Using that 
information, managers can adjust grazing according to Wiich aspects of the riparian area 
are most sensitive, be it herbaceous forage, shrubs, or streambank or channel 
characteristics, and can choose a grazing strategy that works to protect sensitive areas.
No grazing strategy is likely to restore rangeland and riparian area health on its own. 
Monitoring is a crucial element of any grazing management and can make the difference 
between a successful grazing strategy and a failed one (EhrMrt and Hansen 1997). Use of 
GLIs is one way to monitor riparian area grazing to maintain or improve the condition of 
rangeland streams and riparian areas.
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Problem Statement
Overgrazing by livestock has impaired beneficial uses of many rangeland streams in 
Montmia. One method to protect beneficial uses of water in Montana rangeland streams is 
the use o f grazing Best Management Practices (BMPs). Use of BMPs is identified as the 
primary mechanism for controlling non-point source pollution to achieve the nation’s 
clean water goals (Mosley and others 1997). The State of Montana grazing BMPs contain 
criteria for protecting water quality, including managing grazing to maintain vegetative 
cover in the watershed and to allow vegetation cover and regeneration of woody species 
(where the potential exists) sufficient to maintain the integrity of streambanks, provide 
plant residue to filter sediment in high stream flow, and provide thermal cover for water 
courses (USDA Natural Resources Conservation Service 1996).
Using grazing level indicators (GLIs) to keep riparian grazing within target levels is one 
BMP designed to improve riparian area and stream condition. Streambank alteration, 
forage use in key areas, stubble height on streambanks, and browse on riparian shrubs are 
GLIs that can be used to achieve standards for rangeland health on public lands in 
southwest Montana (USDA Forest Service and USDI Bureau of Land Management 1997; 
USDI Bureau of Land Mam^ement 1997).
Use of GLIs is included in management alternatives in die Beaverhead National Forest 
Plan Riparian Amendment (USDA Forest Service and USDI Bureau of Land 
Management 1997) and the Guidelines for Livestock Grazing Management developed by 
the Bureau of Land Management (USDI Bureau of Land Management 1997). These
8
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standards and guidelines are intended for use on all USDI Bureau of Land Management 
(ELM )-administered lands in the Lewistown, Miles City, Butte, and Dakotas Districts 
(USDI Bureau of Land Management 1997). Although GLIs are commonly used in 
rangeland management, it has not been determined if their use helps to improve the 
condition of riparian areas and streams and achieve Montana water quality standards in 
rangeland streams.
In 1997, the Riparian and Wetland Research Program (RWRP) of the School of Forestry 
at The University of Montana initiated rese£U*ch to determine if use o f GLIs is effective as 
a grazing BMP for protecting riparian area condition, aquatic habitat, and water quality. 
Testing GLIs was funded through EPA/ Montana DEQ Section 319 grant funds.
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PURPOSE
The purpose of the research presented in this thesis was to assess the potential of riparian 
grazing level indicators to benefit water quality, in-stream habitat, and riparian area 
condition in southwest Montana.
OBJECTIVES
1. Determine linear correlations between riparian GLIs and routinely measured 
indicators of in-stream aquatic habitat.
2. Determine linear correlations between riparian GLIs and indicators of riparian area 
condition.
3. Determine linear correlations between riparian GLI and routinely measured indicators 
of water quality.
10
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STUDY DESIGN
Study Site
The Medicine Lodge Creek watershed is located 40-80 kilometers (25-50 miles) 
southwest of Dillon, Montana, in Beaverhead County (Fig. 1). Medicine Lodge Creek 
watershed is in the larger Red Rocks watershed (HUC 10020001). The Medicine Lodge 
Creek watershed contains over 322 kilometers (200 miles) of riparian and wetland area in 
approximately 777 square kilometers (300 square miles) of federal, state, and private 
lands. Medicine Lodge Creek originates in the Beaverhead and Tendoy Mountains and 
drains into Horse Prairie Creek, which flows into tbie Beaverhead River at Clark Canyon 
Reservoir. Part of the Medicine Lodge Creek watershed is located at the eastern edge of 
the Continental Divide.
Climate—Most precipitation in the Medicine Lodge Creek watershed falls during two 
periods, from October to March as snow, and in late spring/early summer as showers 
(Montana Forest and Conservation Experiment Station 1978, Hockett 1999). Average 
annual precipitation is between 30 and 76 an  (12 and 30 inches), with 50 to 60 percent of 
the precipitation falling between April 1 and July 31 (Hockett 1999). Thunderstorms and 
hailstorms are common in summer. The average annual maximum temperature is 
approximately 34,4 (94° F), and the average annual minimum is roughly -36° C
(-32°F) (Hockett 1999) Summer weather is characterized by a high diumal temperature
11
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Figure 1. Map of the Medicine Lodge Creek study site.
12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
variation, with warm days and cool nights (Montana Forest and Conservation Experiment 
Station 1978). The growing season is approximately 90 days (mid-May to mid-August), 
decreasing with elevation (Myers 1989).
Geology/soils—The Medicine Lodge Basin is formed in drop fault blocks buried by 
Tertiary gravel, sand and clay (Montana Forest and Conservation Experiment Station 
1978). Parent materials within the watershed include Pre-Cambrian and Cambrian 
sedimentary and metasedimentary rocks, and Tertiary and Quartemary gravel deposits 
(Hockett 1999). Soils in the Medicine Lodge Creek watershed generally consist of 
Cryoborolls (cold upland soils), Cryochrepts (cold recently-developed forest soils) and 
Cryorthents (cold weakly-developed soils) (Hockett 1999). Riparian soils exist in 
complex associations of ciyic (cold) alluvial soils.
Study reaches—The nine current storfy reaches are located on five tributaries to 
Medicine Lodge Creek: Hansen Creek, Kate Creek, Anton Creek, Harkness Creek and 
Schwartz Creek (Fig. 1). Study streams in Medicine Lodge Creek watershed, all of which 
are perennial first and second order streams, are classified as B-1 waters for Montana 
Water Quality Standards (MT Department of Environmental Quality 1996). The 
designated beneficial uses for these streams are: bathing, swinumng, and recreation; 
agricultural and industrial water supply; drinking, culinaiy, and food processing (after 
conventional treatment); and growth and propagation of salmonid fishes and associated 
aquatic life, waterfowl, and fur-bearers (MT Department of Environmental Quality 
1996).
13
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Study reaches on tributaries to Medicine Lodge Creek range from roughly 1,875 to 2,164 
m (6,150 to 7,100 ft) in elevation and are mostly on E4a and E4b Rosgen type streams 
(Rosgen 1996). Ea and Eb streams are relatively sinuous but have a channel slope greater 
than two percent due to their stable channel and bank materials of cobble and gravel 
(Rosgen 1996). Reaches all under a variety of grazing management strategies and are on 
USDA Forest Service, USDI Bureau of Land Management, and private land (Table 1).
Table 1. Gradng management and location of Medidne Lodge Creek reaches.
Reach ID Grazing regime Land ownership Stream name
MLOOl Season-long grazing 
(May 15 to Oct. 15)
BLM Schwartz Creek
ML005 Season-long grazing 
(May 15 to Oct. 15)
BLM Schwartz Creek
ML008 Deferred-rotation
grazing
USFS Kate Creek
ML009 Deferred-rotation
grazing
ÜSFS Kate Creek
MLOlO Defnred-rotation
graang
USFS Kate Creek
ML015 Season-long grazing 
(May 15 to Oct. 15)
BLM Hansen Creek
ML018 Season-long grazing 
(May 15 to Oct. 15)
BLM Anton Creek
ML024 Fall grazing Private Harkness Creek
ML025 Season-long grazing 
(May 15 to Oct. 15)
BLM Harkness Creek
Vegetatioii—Riparian areas on study tributaries are classified mostly as Salix 
geyeriancdCarex rostrata (Geyer willow/beaked sedge) Habitat Type and Salix geyeriana 
Community Type (Hansen and others 1995). Most streams are lined with willows, often 
dense and largely mature to decadent Regeneration of riparian shrubs is low on most
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study reaches. Rosa woodsii (woods rose) and Ribes setosum (prickly gooseberry) are 
well-established at the outer fringe of the willows lining the streams. Beaver are active on 
some streams within the watershed, and were undoubtedly active on a much greater area 
of the watershed in the past. Willows, which were likely more widespread when more 
beaver existed in the watershed, aie predominantly of older age groups on many reaches, 
and exhibit little regeneration.
Land Use History—Medicine Lodge Creek watershed has been grazed since the late 
1800’s. Perhaps the first cattle operation to move through southwest Montmia was in 
1849, when Richard Grant brought cattle to Montana from Salt Lake City (Brown n.d ). 
By the time gold was discovered in 1862 on Grasshopper Creek near Bannack, the 
livestock industiy was well-established in the area (Montana Forest and Conservation 
Experiment Station 1978). Bison were once abundant in southwest Montana, but few 
remained by the late 1800’s (Lesica and Cooper 1997). Sheep were first introduced to the 
Medicine Lodge Creek watershed as early as 1869, when John Bishop and Richard 
Reynolds, two Beaverhead County ranchers, brought sheep through the Medicine Lodge 
Creek watershed from the Dalles, Oregon (Brown n.d ).
Deterioration of rangeland resulted from the large influx of cattle, sheep and horses to the 
Dillon area in the latter half of the 19th century (Montana Forest and Conservation 
Experiment Station 1978). By the 1870’s overgrazing of rangelands in tiie area had 
become a concern; historical photos show the rangeland had much more bare ground and 
less grass cover than is currently present (Lesica and Cooper 1997). Rangeland has
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improved from conditions present at the turn of the century (Thomas 1994), but many of 
the problems resulting from the improper grazing and nrniing practices of the past are still 
facing land managers today.
Most mining operations established in the past have been small and do not affect the 
study tributaries. Logging has affected several areas in the watershed, but grazing is 
currently the predominant land use affecting the condition of the study streams in 
Medicine Lodge Creek watershed.
Site and Reach Selection
The Medicine Lodge Creek watershed was chosen as a study site for several reasons. It is 
typical of watersheds in southwest Montana, the area for which the grazing level 
indicators were originally developed. The USDI Bureau of Land Management (BLM) 
and USDA Forest Service (USFS) already have several projects in place on this 
watershed, and the BLM is implementing a new allotment management plan that will 
include use of riparian grazing level indicators to determine when to move cattle. Most 
importantly, the landowners in the watershed are supportive of work done to determine 
how best to manage grazing in die area in ways profitable to diem and beneficial to the 
land and streams.
Study reaches (segments of stream to be studied) were placed on streams exhibiting a 
range of riparian area and channel condition. The RWRP Lode Health Assessment Form 
(Thompson and others 1998) was used to determine riparian area and channel condition
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for stretches of many streams in the watershed. Preliminary health scores, stream type, 
and location within the watershed were criteria used to select study reaches. Initially, 
eleven permanent study reaches were established on six tributaries to Medicine Lodge 
Creek. Two study reaches were dropped from analysis because they were subject to 
environmental and management factors present that confounded analysis.
Five study reaches are located in a large pasture of 8,161 hectares (20,150 acres) 
designated as the Hansen Creek BLM Allotment The allotment is under season-long 
grazing (May 16-October 15) with a permitted herd size o f397 cow/calf pairs (USDI 
Bureau of Land Management 1998). This pasture is one of the largest acreages of 
rangeland without cross-fencing remaining in Beaverhead County (USDI Bureau of Land 
Management 1998). One study reach is located downstream of the boundary to the large 
BLM pasture on Harkness Creek. This reach is on private land, and is generally grazed in 
die fall.
Three study reaches are located on Kate Creek, each at the downstream end of one 
pasture in a three pasture deferred rotation grazing system on USDA Forest Service land. 
The three-pasture system has been in place since the early 1960s and was grazed with 
cow/calf pairs until 1986, when it was switched to yearling use. Stocking densities on 
Kate Creek are 322 yearling months on the upper of the three pastures, 280 in the middle 
pasture, and 362 yearling months on the lower pasture (Christensen, pers. com. 2001). 
The three pasture grazing system was changed to a nine pasture, shorter duration, higher 
intensity grazing system in 2000. Beaver activity was quite extensive in the area in the
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past, and many inactive beaver ponds and meadows formed from filled in beaver ponds 
remain. A small population of pure westslope cutthroat trout inhabits the upper reaches of 
Kate Creek.
Study Reach Design
Study reaches range from roughly 150 m (500 ft) to 450 m (1500 ft) in length. Reach 
length is at least twenty times the stream width while remaining in relatively homogenous 
vegetation and channel morphology. Each reach contains six permanent transects running 
across the riparian zone, perpendicular to the stream. Transects are placed at the upstream 
and downstream ends of study reaches, and at equally spaced intervals between the ends. 
Transects are monumented with c^ped and marked rebar, generally placed at the outer 
edge of the riparian area as determined by the dominance of hydrophytic (water-loving) 
vegetation. Flagging was used to mark transect locations. Reach locations were 
documented using maps and GPS.
Grazing Level Indicators
The GLIs chosen for monitoring and use in analysis were those known to be indicative of 
grazing in riparian areas and which are already in use in grazing management. Five 
grazing level indicators (streambank stubble height, streambank alteration, woody browse 
use, percent key area grazed, and key area stubble height) were monitored on the study 
reaches. Grazing level indicators were monitored every three to four weeks from 
September to October in 1997 and from May to October in 1998. In 1999 grazing was 
monitored once at the beginning of the growing season (June) and in September and
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October, at the end of the growing and grazing season. In 2000 grazing vms monitored 
monthly from May through October, except in August, when the study site was closed 
due to extreme fire danger. Sampling times for GLIs are summarized in Table 2. Raw 
data for GLIs and other study variables are included in Appendix A.
Table 2. Sampling dates for Grazing Level Indicator data
Sanq>ling date 
(week of)
Streambank
alteration
Streambank 
stubble heigftt
Browse on 
riparian shrubs
Key area % 
grazed
Key caea 
stubble height
9/I2/I997 X X X
9/21/1997 X X X
10/6/1997 X X X
5/13/1998 X X X X
6/9/1998 X X X X
7/9/1998 X X X X
7/24/1998 X X X X X
8/17/1998 X X X X X
9/15/1998 X X X X X
9/28/1998 X X X X X
6/25/1999 X X X X X
9/16/1999 X X X X X
10/28/1999 X X X X X
5/14^000 X X X X
6/18/2000 X X X X X
7/24/2000 X X X X X
9/27/2000 X X X X X
10/17/2000 X X X X X
Methods used to measure grazing levels were adapted from those outlined in Bengeyfield 
and Svoboda (1998). Grazing level indicators were measured along 17 m (50 ft) of
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streambank on both sides of the stream for every 84 m (250 ft) of stream in the study 
reach in order to sample at least 20  percent of the reach but distribute monitoring 
throughout the reach. Measurements of streambank alteration, browse on riparian shrubs, 
and streambank stubble height were recorded every 3 m (10 ft) on both sides of the 
stream for every 17 m (50 ft) segment monitored Key area stubble height and percent 
key area grazed were measured on 17 m (50 ft) transects on both sides of the stream near 
the upstream and downstream ends of the reach. Key areas are identified by the 
occurrence of particularly palatable forage, where cattle tend to congregate (Bengeyfield 
and Svoboda 1998). In the Medicine Lodge Creek watershed, these areas consisted of 
Kentucky bluegrass-dominated meadow bottoms just outside the willow line.
Browse on riparian shrubs was measured in fall of 1997 and in May 1998 on first through 
third year leaders in order to determine the yearly browse on riparian shrubs. Only first 
year leaders were measured each year during the full growing season (June - October) in 
1998 through 2000 in order to determine the amount of browse occurring during the 
season. Current year browse was measured on the closest shrub to the stream at every 
ten-foot measurement point along the section of stream monitored. Twenty leaders were 
selected on each shrub based on the distribution of new stems on the shrubs. Each leader 
was counted browsed or unbrowsed, and the proportion browsed out of the 20  was 
recorded.
In 1997 and 1998 the leaders browsed were recorded in four classes: 0-25%, 25-50%, 50- 
75%, and 75-100% leaders browsed. This method of recording browse data in the
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categories was chosen for its repeatability and efficiency. The shortcoming of this 
method becomes apparent when very low or high levels of riparian browse are present. 
Because the midpoints of the browse categories (12.5%, 37,5%, 62.5%, and 87.5%) were 
averaged together to get the reach average browse, average browse could never equal less 
than 12.5%, even for near zero browse, or higher than 87.5%, even where nearly all 
leaders were browsed. Browse was recorded as the actual number out of the 20 
representative leaders in 1999 and 2000 to avoid this problem. Only 1999 and 2000 data 
were used in correlation analysis.
The species of every shrub measured for browse was also recorded. Browse was only 
measured on palatable riparian shrubs and trees, including Salix boothii (Booth willow),
S. geyeriana (Geyer willow), S. bebbiana (Bebbs willow), Alnus incana (mountain alder), 
Populus tremuloides (quaking aspen), and Cornus stolontfera (red-osier dogwood). 
Browse was not measured on Rosa (rose) and Ribes (currant) species present in riparian 
areas, because these species are not considered as palatable as the others, and appeared to 
be increasing and replacing willows in areas under heavy grazing pressure.
Stubble height of graminoid (grass-like) plants on streambanks (steambsmk stubble 
height) was measured every 3 m (10 ft) at bankfull level along both banks for every 17 m 
(50 ft) length of stream monitored. The average stubble height of grasses and Carex 
(sedge) species was estimated to the nearest 1.27 cm (0.5 in) using a board marked with 
one-inch intervals.
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Streambank alteration was measured on both banks for the entire 17 m (50 ft) of all 
segments of stream monitored. The number of meters altered out of every 3 m (10 ft) 
measured was estimated and recorded for both banks. Alteration for the purpose of this 
study is shearing, fracturing, and separation of the bank that leaves soil or roots exposed 
as a direct result of trampling by livestock or wildlife, as defined in Bengeyfield and 
Svoboda (1998). Streambank alteration was estimated to the nearest 0.15 m (0.5 ft) using 
a measuring rod. Streambank accessibility, defined as the proportion of the measured 
bank segment on which cattle would be able to stand, was estimated at the same time 
bank iteration was measured The amount of accessible streambank altered was 
calculated and used in analysis as the streambank alteration parameter.
Percent of key area grazed was measured by pacing a transect through two k ^  areas in 
die riparian zone on both sides of the stream. Fifty measurements were taken for every 
key area measured, for a total of two hundred measurements per reach. A 3-inch hoop 
was placed at the end of the observer’s boot after each s t^ , and the graminoid species 
within the hoop were recorded as grazed or ungrazed. Only plots with less than 5 percent 
of grass stems grazed were considered ungrazed A board marked in inches was used to 
measure key area stubble height was measured at ten equally spaced intervals on 
transects.
W ater Quality
The water quality parameters monitored in this study are those thought to be directly or 
moderately affected by, and highly or somewhat sensitive to, grazing management
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activities within the watershed. Additionally, the parameters monitored are those which 
are directly or closely related to and are highly or somewhat sensitive to the stream's 
designated uses as listed in the description of the study site (MacDonald and others 
1991).
Water quality parameters monitored and were total suspended solids (TSS), total 
nitrate/nitrite (NO3-/NO2-N), total phosphate as phosphorus (TP), fecal coliform bacteria 
(FC), macroinvertebrate composite index score, and stream temperature. Samples for 
TSS, FC, NO3-/NO2-N, and TP were collected using a depth-integrated sampler at several 
points across the channel at the upstream mid downstream ends of all study reaches 
Sampling of these parameters was done concurrently with monitoring for GLIs (Table 3). 
These water quality samples were sent to MSE Labs in Butte, Montana for analysis 
within 48 hours of collection. MSE is an EPA certihed laboratory.
Stream flow (discharge) at the upstream and downstream end of the stucfy reaches was 
measured concurrent with water quality monitoring. Water velocity was measured using a 
standard mini flow meter, a top-setting wading rod, and digimeter or headphones. 
Discharge was determined by calculatii^ die sum of the products of recorded velocities 
and areas measured in a series of cells areas monitored across the stream cross-section, 
following methods outlined in Harrelson and others (1994).
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Table 3. Dates of data co lection for selected indicators of water quality*.
Sample date (week oj) TSS FC TP NO3- Macro 
/NOi-N invertebrates
9/12/1997
9/21/1997 X X X X
10/6/1997 X X X
5/13/1998 X X X X
6/9/1998 X X X X
7/9/1998 X X X X
7/24/1998 X X X X
8/17/1998 X X X X X
9/15/1998 X X X X
9/28/1998 X X
6/25/1999 X X
9/05/1999 X
9/16/1999 X X
10/28/1999 X X
5/14/2000 X X
6/18/2000 X X X
7/24/2000 X X X
9/9#000 X
9#7#000 X X X
10/17/2000 X X X
a. Weekly moving maximum stream temperature is not included in this table because it was derived from 
data reconled every three hours by thermographs.
Nitrogen as nitrate/nitrite was originally included because NO3-N stimulates primary 
production within stream systems and is often found in artificially high levels in 
agricultural settings. However, the vast majority of nitrate/nitrite levels in samples were 
below detection, leaving too few measurements for analysis. Therefore, NO3-/NO2-N was 
dropped from the set of water quality parameters studied. Other forms of nitrogen may
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have been more ^propriate as indicators of nutrient loading in runoff from grazing lands. 
Other studies investigating nutrient levels in runoff from grazing lands monitored 
ammonia nitrogen (NH3-N), ammonium nitrogen (NH4-N), and total Kjeldahl nitrogen 
(TKN) as well as NO3-N to indicate nitrogen levels (Edwards mid others 2000, Doran and 
others, 1981). In these studies the other fractions of nitrogen sometimes followed 
different trends than NO3-N, but did not necessarily seem to be more indicative of 
grazing influence on runoff than NO3-N.
Total phosphate as phosphorus was also generally below the lower detection limit of 0.05 
mg/L used by the laboratory doing the sample analyses, and was dropped from the study 
in 1999. However, TP was added back into the study and analyzed at a lower detection 
limit in 2000. Only data for TP from 2000 are used in statistical analysis.
Aquatic macroinvertebrates are often included as a biological parameter in water quality 
sampling because they are effective indicators of past and present conditions in the area 
sampled. Aquatic macroinvertebrates were collected in riffle areas throughout stream 
reaches. In 1998 macroinvertebrates were collected using a kick net over an area 
sufficient to collect at least 100 invertebrates. This method introduced bias and some 
limitation in analysis of samples. In 1999 and 2000 macroinvertebrate samples were 
collected using a D net for 20 “jabs” lasting 30 seconds and covering 1 square meter 
(10.8 square feet) each in area, for a total of 20 square meters (215 square feet) covered 
for each reach. This method follows the protocols for semi-quantitative sampling of 
macroinvertebrates, as described in the Montana Department of Environmental Quality
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(Montana DEQ) Standard Operating Procedures manual (Montana Department of 
Environmental Quality 1999).
All macroinvertebrate samples were analyzed at the National Aquatic Monitoring Center 
of the Department of Fisheries and Wildlife at Utah State University in Logan, Utah. The 
laboratory calculated and reported characteristics of the macroinvertebrate assemblages, 
called metrics, for the samples. The macroinvertebrate composite index score was 
derived from the battery of metrics and guidelines for calculating the index recommended 
by Bollman (1998). Bollman’s revised index for bioassessment is based on research she 
conducted in the Montana Valleys and Foothill Prairies Ecoregion (Omemik 1987), in 
which the stu(fy site for this project is located. The composite macroinvertebrate index is 
derived from the following metrics: taxa richness, Ephemeroptera taxa, Plecoptera taxa, 
Trichoptera taxa, sensitive taxa, percent tolerant taxa, and percent frlterers (Bollman 
1998). Data for metrics used in calculating the composite macorinvertebrate index score 
are included in Appendix A.
Temperature is an easily measured parameter diat has considerable chemical and 
biological significance and can control the rate of many chemical reactions. Temperature 
is of concern in many western streams because salmonid species are sensitive to 
increased water temperatures (Armour and others 1991). Temperature was monitored 
every three hours on the study reaches using Onset® Stowaway continuous recording 
thermographs. Thermographs were wired to rebar and placed in relatively deep, protected 
pools near the middle of study reaches. Temperature data were downloaded and reset in
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October and June and graphed using Onset® BoxCar® Pro software. Instantaneous 
temperature maxima and moving weekly average maxima were determined from 
thermograph data using an Excel macro developed by the Oregon Department of 
Environmental Quality (Oregon Department of Environmental Quality 1997). Moving 
weekly maximum water temperature was used in analysis as one of the water quality 
variables.
Riparian Area Condition
The indicators of riparian area condition used in analysis were riparian area health score 
and canopy cover by riparian shrubs and trees on the study streams. Riparian area health 
score was derived from the RWRP lotie inventories conducted in 1997 and 2000. The 
health rating is calculated from assigning scores for the condition of several 
characteristics of the stream corridor, including vegetation cover of riparian area and 
ftoodplain, presence and cover of invasive plants and other undesirable plant species, 
regeneration and utilization of preferred riparian shrubs and trees, streambank root mass 
protection; human-caused bare ground, streambank structural alteration, pugging and 
hummocking from hoof action, and channel incisement (RWRP 2001). Electronic copies 
of completed forms are available at http://www.rwip.umtedu. Canopy cover on study 
streams was measured in 1998-2000 using a spherical densiometer, following methods 
outlined in Bauer and Burton (1993). Slides of die upstream and downstream ends of 
study reaches were taken in all years of the study. These slides have been sent to 
Montana DEQ.
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In-Stream Aquatic Habitat
Aquatic habitat parameters used in analysis were per cent of channel substrates as fine 
sediments, percent spawning gravel, proportion of overhanging bank, width/depth ratio 
(2000 only), and mîu;roinvertebrate habitat assessment score (2000 only). The 
proportions of fines and gravel were determined from Wolman pebble counts tiiat were 
performed in 1998 and 2000 usii^ the methodology outlined by Rosgen (1996). 
Overhangii^ bank was measured in 1998-2000 at the same sections of bank monitored 
for bank alteration, and recorded as the number of meters out of three overhanging
the channel by at least 10 cm (4 in) within 0.3 m of the water surface. The 
macroinvertebrate habitat score was derived from the Montana DEQ macroinvertebrate 
habitat assessment field form for riffl^run prevalent systems (Montana DEQ 1999).
Data Analysis
The original proposal for this project called for multiple regression analysis to determine 
which grazing level indicators had the greatest effect on water quality, riparian area 
conditions, and in-stream habitat. That approach to answering the question was not 
feasible for several reasons. Data collected from the same location over time are not 
independent, and often display seasonal trends. In addition, sampling sites were not 
chosen randomly; rather, reaches were selected systematically based on vegetation 
communities, stream type, riparian area health score, and location within the watershed to 
represent a range of conditions. Finally, the independent variables (grazing level 
indicators) could not be analyzed together in multiple regression because several of the 
grazing level indicators followed the same trends, and were not independent. Results of
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multiple regression may be difficult to interpret or meaningless if there are strong 
relationships among “independent” variables (SAS Institute 1999). To avoid these 
problems potentially confounding analysis results, correlations between variables were 
determined using the Spearman rank correlation analysis, a nonparametric test of linear 
correlation.
Analysis of GLI and water quality data—Time series data can not be treated as 
independent because the grazing levels and water quality conditions measured in one 
sampling period determine, to some extent, the levels attained later in the season. The 
problems inherent in analyzing time-series data can be mitigated eidier by analyzing 
differences in grazing and water quality from one time period to the next, or by using 
season averages in analysis. Averages were used in correlation analysis because 
preliminary analysis revealed that the differences displayed time-dependent trends over 
the season.
Influence o f time and streamflow on analysis variables. Data only from the later part of 
the growing season was used for some GLIs because measurements from the early part of 
the season were not representative of grazing levels in riparian areas for certain grazing 
level indicators. For example, grasses had barely started to grow in May and did not 
reach potential height until July, giving the impression of higher grazing levels (lower 
stubble heights) early in the season. Additionally, current year leaders on riparian shrubs 
were not available for browse until late June on most study streams. Only late-season
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data for streambank stubbie height, key area stubble height, and browse on riparian 
shrubs were averaged and used in correlation analysis.
Averages of data for the whole season (May-October) for streambank alteration and 
percent key area forage were used in correlation analysis because these two parameters 
can be measured throughout the growing season. Averages for a GLI data from 1998- 
2000 were used in correlation analysis. Averages of 1997 data were not used in 
correlation analyses because data were not collected in that year before mid-September.
Water quality parameters are subject to variation due to stream flow, which displays a 
specific pattern during the sampling period (from May to October). Flow of the study 
streams generally peaked in June and declined to base flow levels by late July. Mean 
water quality values m-e more meaningful if peak flow and base flow levels are examined 
separately, because peak flow levels can produce spurious values in the context of a 
season’s data (Capel and others 1996). In the case of this study, streams peaked at 
different times, and with no previous information on streamflow or gauging stations for 
these streams, there is no way to know if peak levels were captured for all streams.
The study design and die nature of the variables prevented comparison of high flow water 
quality data with grazing level indicators from the same time period. Average FC, TSS, 
and TP data from high flow were compared to averages of late-season GLI data from the 
previous year.
30
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Flow-weighted mean concentrations calculated for low-flow TSS and FC data were used 
in correlation analysis in order to correct for variation in water quality data due to 
different flow among streams over the study period. F low-weighted mean concentrations 
are calculated by dividing the sum of pollutant loads (concentration x flow) by the sum of 
the flow for the same time period (Capel and others 1996). Measurements taken from late 
July to October were included in water quality data used in flow-weighted 
concentrations, Wiich were paired with GLI data from the same time period for 
correlation analysis. Data for TP were not averaged, because only data from 2000 were 
used, therefore year-to-year variation was not an issue, and too few points would have 
been used in correlations after grouping data to account for confounding environmental 
influences.
Water quality in a stream reach is largely dependent on the quality of water flowing into 
that reach, which is dependent on any number of factors that manifest throughout the 
watershed. We attempted to account for effects upstream of the reach by comparing water 
quality data for the upstream and downstream ends of the study reach and correlating 
downstream-upstream differences with grazing levels present in the reach at that time.
Stream flow and \W er quality data at the upstream and downstream ends of study 
reaches were compared using the Wilcoxson signed rank test, a non-parametric test for 
comparing means (SAS Institute 1999). Upstream and downstream stream flow was not 
statistically different on any reach in any year, with the exception of one reach in 2 0 0 0 . 
Water quality data were statistically the same at the upstream and downstream ends of
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study reaches every year, with the exception of TSS data for one reach in 1998. Water 
quality values were quite variable, and generally were not consistently higher or lower at 
either end of any given reach for all sample periods. Many of the actual downstream- 
upstream differences were 0 or were values lower than the detection limit Downstream- 
upstream differences for water quality data were used in correlation analysis, but 
significant results were not expected, given the limitations of the data.
Water quality was highly variable over time and space for the three parameters sampled 
at the upstream and downstream ends of study reaches (FC, TSS, and TP). Fecal coliform 
is particularly variable with local influences, as bacteria can settle out of the water and 
into sediments within 50m of deposition and can be resuspended in the water column 
when sediments are disturbed (Larsen 1996). Fecal coliform bacteria deposited in 
sediments may survive for several months (Larsen 1996). Downstream water quality data 
were used in correlation analysis rather than upsbeam or reach average data because the 
downstream water quality samples are most likely to reflect local influences on the water 
quality.
Influence o f other environmental factors. Differences in environmental characteristics 
and management practices on study streams created variation in data that confounded 
correlation analysis. To factor out this variation as much as possible, correlation analyses 
were split by site group. Reaches were split into site groups based on similar 
environmental and management characteristics among reaches. A summary of site groups 
is presented in Table 4. The Kate Creek group includes the only three reaches under
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deferred-rotation grazing. These sites are also the only ones influenced by recent beaver 
activity. The remaining reaches are in the Large Pasture group, which have no beaver 
influence and are under season-long grazing, with the exception of ML024, which is 
under fall grazing and serves as the best available conditions for the season-long pasture 
reaches.
Table 4. Site groups and their characteristics.
Site Characteristic Rate Creek
(ML008, ML009, MLOlO)
Large Pasture
(MLOOl, ML005, ML015, ML018, 
ML024, ML025)
Aspect N/NW E/NE
Slope 2-3% 4-8%
Rosgen Stream Class Predominancy E5/E4b Predominantly E4a
Riparian Site Type Salix g^eriana/Carex rostrata Habitat 
Type; Salix geyeriana Community Type
Salix geyeriana/Carex rostrata Habitat 
Type; Salix geyeriana Community Type
Grazing Treatment Deferred Rotation Season-long;
Fall grazing (ML024 only)
Beaver influoice Yes No
Comparison of GLI and water quality data to riparian area condition and in-stream 
habitat—Indicators of riparian condition and in-sheam habitat were measured in 199S 
and 2000, once per year. Averages of GLI data and water quality data were compared to 
data for indicators of riparian area condition and in-stream habitat using Spearman rank 
correlation analysis.
Descriptive anal}%is—Existing water quality and conditions on study reaches are 
presented in summary tables. Trends in water quality and grazing data are represented in
33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
bar graphs and box plots. All descriptive and correlation analyses were conducted using 
Microsoft Excel and SAS Institute Statview statistical software.
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RESULTS AN» DISCUSSION
Descriptive Results
Data from 2000 are presented in tables in the following sections to illustrate conditions 
present in the Medicine Lodge Creek watershed. Data for some reaches varied greatly 
among years, partially due to variability inherent in the methods used and partially 
because some study reaches received much heavier use in 2000 than in 1998, due to lack 
of forage in upland areas in 2000. Data sets used in analysis are presented in Appendix A.
In-stream aquatic habitat—Data for indicators of aquatic in-stream habitat on study 
reaches are summarized in Table 5. The Kate Creek reaches (ML 008, ML009, and 
MLOlO) have higher levels of fine sediment in the channel substrate than other reaches. 
This is most likely a result of a combination of past beaver activity, recent and long past, 
and livestock and wildlife activity on these relatively sensitive areas. Percent fines 
increased on all study reaches from 1998 to 2000. This increase is to be expected, as there 
was no high flow runoff event in 2000 and much lower flow in 1999 and 2000 than in 
1998 overall, therefore sediments accumulated in stream reaches between measurements 
of percent fines.
The aquatic habitat score reflects suitability of channel substrate for macroinvertebrates 
and the influence of disturbance and natural conditions on habitat quality. Generally the 
streams with less fine sediment have higher aquatic habitat scores, although this is not the 
case for reach ML0I8, which had a low proportion of fine sediment overall but a low
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aquatic habitat score (Table 5). Large differences in percent overhanging bank and 
vegetation from year to year on some reaches is more likely due to the lack of 
repeatability of the method used rather than changes in precipitation or grazing use levels.
Table 5. In-stream aquatic habitat paiameteis for Medicine Lodge Creek watershed.
Reach
(year)
% Fine sediment 
(<6 mm)
% Spawning 
gravels 
(6-64 mm)
Aquatic habitat 
score
% Overhanging 
bank/vegetative cover
MLOOl
(1998)
33 54 NC 64
MLOOl
(2000)
55 27 99 64
ML005
(1998)
42 52 NC 44
ML005
(2000)
43 29 106 27
ML008
(1998)
66 30 NC 80
ML008
(2000)
72 17 78 50
ML009
(1998)
67 30 NC 64
ML009
(2000)
90 10 74 62
MLOlO
(1998)
87 5 NC 12
MLOlO
(2000)
85 6 87 13
ML015
(1998)
71 5 NC 43
ML015
(2000)
63 2 71 71
ML018
(1998)
54 14 NC 9
ML018
(2000)
44 2 74 28
ML024
(1998)
40 58 NC 80
ML024
(2000)
44 53 118 86
ML025
(1998)
27 53 NC 52
ML025
(2000)
52 43 119 52
36
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Riparian area condition—Indicators of riparian area condition reflect a range of 
conditions on the study reaches (Table 6 ). Apparent change in percent canopy cover 
between 1998 and 2000 is most likely due to a lack of repeatability of the method used, 
rather than actual changes in canopy cover. The values for canopy cover generally 
increased from 1998 to 2000. It would be more likely that percent cover at the transects 
where canopy cover was measured would decrease slightly from 1998 to 2000, due to use 
of the area for monitoring.
Table 6. Riparian area condition indicators for Medicine Lodge Creek watershed.
Reach % Canopy 
cover, 1998
% Canopy 
cover, 2000
Riparian area 
health score, 1997
Riparian area 
health score, 2000
MLOOl 49 57 68 65
ML005 43 42 59 60
ML008 61 94 64 61
ML009 59 91 75 63
MLOlO 25 26 85 56
ML015 62 85 56 49
ML018 36 44 67 51
ML024 63 77 76 70
ML025 66 85 82 75
Kate Creek is the smallest stream, only 0.6 to 1 m (two to three ft) wide in many areas, 
and is often completely shaded by willows along the channel at M1008 and ML009. 
MLOlO is in a recently developed meadow resulting from the silting-in of a beaver pond, 
and is dominated by sedges rather than willows. Reaches ML024 and ML02S are used as 
reference reaches against which to compare other reaches. They represent the best 
available condition, but not pristine condition. Best available condition must be used
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because there are no ungrazed streams available within the same kind of system in the 
Medicine Lodge Creek watershed.
Riparian inventory forms were completed on all reaches in 1997 and 2000. Riparian area 
health scores (Table 6 ) were derived from these inventories. The health score is based on 
several parameters related to riparian vegetation stream channels and banks. A score of 
80 to 100 indicates a system that is properly functioning, or “healthy.” A score of 60 to 
80 indicates the stream is functioning at risk, or healthy, with problems. A score of less 
than 60 indicates the system is non-functioning, or unhealthy (Thompson and others 
1998).
Health scores derived from inventory forms completed in 2000 are lower overall than 
scores from 1997. However, lower scores in 2000 do not necessarily indicate a downward 
trend in health over time. A contributing factor to this difference in scores could be that 
2000 was an extremely dry year, while 1997 was a relatively wet year. Riparian areas 
were used heavily in 1999 and 2000 because very little forage was available in the 
uplands. With less vegetative cov^ and heavier use in riparian areas in 2000 the effects 
of heavy use by livestock were more ̂ parent Riparian healto scores from 1997 
inventories are presented with the 1998 data set in Appendix A because tiiey were used in 
analyses comparing season average grazing and water quality data to riparian and aquatic 
habitat indicator data, which only used data from 1998-2000.
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W ater quality conditions—Descriptive results for water quality are presented in 
concentrations rather Üian loads because the state water quality standards are expressed in 
terms of concentrations. Pollutant concentrations are subject to several environmental 
factors, which affect each water quality parameter and each stream in a different manner. 
Most water quality parameters were highly variable over time and among study reaches 
in Medicine Lodge Creek watershed.
Fecal coliform bacteria levels are especially variable, ranging from less than two 
organisms per 100 milliliters to over 4,300/100 mL (Table 7). Montana water quality 
standards state that fecal coliform must not exceed 2 0 0  per 100 milliliters when the daily 
maximum water temperature is abovel5.6® C (60® F), nor are 10% of the total samples 
during any 30-day period to exceed 400 fecal coliform bacteria per 100 mL (Montana 
Department of Environmental Quality 1996). Monthly sampling is not frequent enough to 
determine if streams at this site are regularly exceeding standards for fecal coliform. 
Given the high FC levels found on these streams, it is surprising that nutrient levels were 
not higher, even as indicated by the fractions of nitrogen and phosphorus monitored.
Table 7. Fecal coliform concentrations (number of bacteria/100 mL) for 1997-2000 on Medicine Lodge 
Creek reaches.
Reach Max. Min. High flow avg. 
concentration (n -  4)
Base flow avg. 
concentration (n -12)
Total number of 
data points
MLOOl 3.125 14 333 590 16
ML005 4.345 20 237 788 16
ML008 2.625 9 382 1.027 16
ML009 2,950 11 278 681 16
MLOlO 1.084 4 310 531 16
ML015 2.280 40 329 802 16
ML018 2.780 2 107 659 15
ML024 2.465 46 154 380 15
ML025 815 4 144 182 15
Data points used are averages of upstream and downstream concentrations.
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There is no numeric water quality standard for tot^l suspended solids (TSS). Montana 
water quality standards state that no increases are allowed above naturally occurring 
levels (Montana Department of Environmental Quality 1996), which raises the issue of 
defining naturally occurring levels. The reach with the most consistently low pollutant 
concentrations, ML025, was used as a reference for water quality based on best available 
conditions for naturally occurring levels. In the case of TSS, several reaches generally 
have lower concentrations than ML025 (Table 8 ). Reach ML015 and the Kate Creek 
reaches (ML 008, ML009, and MLOlO) had the highest TSS levels. On ML015 this is 
probably due to probably due to livestock activity, and in the case of Kate Creek, high 
TSS levels probably result from livestock and wildlife use combined with a redistribution 
of sediment accumulated in inactive beaver dams.
Table 8. TSS concentrations (mg/L) for 1997-2000 for Medicine Lodge Creek Reaches.
Reach Max. Min. High flow mean 
concentration fn = 4)
Base flow mean 
concentration fn =13)
Total number of 
data points
MLOOl 11 <4 9 6 17
ML005 18 <4 13 7 17
ML008 45 <4 22 12 17
ML009 53 <4 28 12 17
MLOlO 47 <4 22 8 17
ML015 143 4 57 16 17
ML018 11 <4 6 7 15
ML024 39 4 24 9 17
ML025 55 <4 19 6 17
Data points used are averages of upstream and downstream concentrations. Values of <4 mg/L are below 
the lower detection limit.
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There is no numeric standard for total phosphate as phosphorus for Montana, but 0.3 
mg/L is often used as a threshold value. No study streams in Medicine Lodge Creek 
watershed had TP levels as high as 0.3 mg/L (Table 9). Study reaches on Kate Creek 
(ML008, ML009, and MLOlO) have the highest TP levels of the Medicine Lodge study. 
Data presented in Table 9 are from 2000 only. Samples collected in years prior to 2000 
were analyzed to a 0.05 mg/L lower detection limit, which resulted in many samples 
being below detection for TP. In 2000 samples were analyzed to 0.01 mg/L, which is 
below the TP levels generally detected in the study streams. No hig î flow values are 
presented in Table 9 because even the highest flow in 2000 was lower than base flow 
levels of other years, therefore conditions for all o f2000 were considered base flow.
Table 9. Total phosphate as phosphcnois (mg/L) for 2000 on Medicine Lod^ Creek reaches.
Reach Max. Min. Base flow avg. 
concentration (n “5)
Total number of 
data points
MLOOl .02 .01 .01 5
ML005 .05 .01 .02 5
ML008 .07 .05 .06 5
ML009 .17 .05 .08 5
MLOlO .10 .02 .06 5
ML015 .09 .02 .04 5
ML018 .07 .01 .03 4
ML024 .03 .01 .02 5
ML025 .04 .01 .02 5
Stream temperature was recorded every three hours by thermographs placed in pools near 
the midpoint of study reaches. Raw data from thermographs have been exported to 
Microsoft Excel files, which have been sent to the Montana DEQ. Average instantaneous
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temperature maxima and moving seven-day average maximum temperatures derived 
from thermograph data for study reaches are summarized in TablelO.
Table 10. Instantaneous maximum and moving weekly average maximum temperatures calculated 
thermograph data for Medicine Lodge Creek reaches.
from
Reach 1998-2000 Avg.
Maximum 
temperature f°F>
1998 
7 day moving 
max. temp. f®Fl
1999 
7 day moving 
max. temp. (**F)
2000 
7 day moving 
max. temp.
MLOOl 58.1 (n = 3) 56.6 50.8 63.3
ML005 61.6 (n = 3) 58.0 57.9 63.3
ML008 60.0 (n = 3) 61.1 59.0 54.2
ML009 62.2 (n = 3) 59.6 58.9 64.0
MLOlO 68.0 (n = 1) 66.8 NC NC
MLOIS 62.5 (n = 3) 61.6 58.5 62.8
ML0I8 58.0 (n = 3) 58.6 55.4 NC
ML024 59.6 (n = 2) 55.3 NC 61.8
ML025 55.8 (n = 2) 53.0 52.8 58.2
NC -  not collected due to equipment failure
Macroinvertebrate index scores for the Medicine Lodge Creek site are presented in Table 
11. A higher score generally indicates better stream condition, and probg^ly reflects 
sediment levels in the stream. Kate Creek has higher levels of fine sediment than the 
other study streams. The macroinvertebrate composite scores are derived from metrics 
reported for benthic macroinvertebrate samples collected in August to early September of 
1998 through 2000. Macroinvertebrate data used to derive index scores are included in 
Appendix A.
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Table 11. Macroinvertebrate composite index scores, 1998-2000 data.
Reach Site group 1998 composite 
maa'oinvertebrate 
score
1999 composite 
macroinvertebrate 
score
2000 composite 
macroinvertebrate 
score
MLOOl Large pasture 19 21 21
ML005 Large pasture 20 21 21
ML008 Kate Creek 19 14 20
ML009 Kate Creek 11 15 19
MLOlO Kate Creek 13 12 20
ML015 Large pasture 17 sample lost 18
ML018 Large pasture 16 19 16
ML024 Large pasture 19 19 21
ML025 Large pasture 17 19 21
Sources of Variation
As in all natural systems, many environmental factors influence conditions in the 
Medicine Lodge Creek watershed. Correlation analysis is potentially confounded by the 
dependence of analysis variables on several factors, including time or seasonal influence, 
stream discharge, beaver activity, lack of repeatability of some methods, and land 
management, along with many subtle influences not well understood. The challenge in 
deriving valid correlations among variables lies in accounting for the sources of variation, 
which affect each stream in a different manner. It is my hope that this study will describe 
the sources of variation as well as any correlations among study parameters.
The influence of time and seasonal trends—Stream flow and vegetation growth vary 
naturally over the course of the sampling period from May to October. Stream flow peaks 
in late June to early July on the study streams and tapers off in late July, generally
43
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
reaching base flow levels by August Vegetation is still mostly dormant in May, then 
grows quickly until July, after which growth seems to slow as plants put energy into 
reproduction and vegetation starts to dry. Study variables associated with stream flow and 
vegetation growth and use show time-related trends reflecting these patterns over the 
course of a season (Fig. 2).
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Figure 2. Bar charts of 1998 data for selected grazing and water quality parameters showing 
seasonal trends Data shown are averages of all reaches, n = 9. Error bars represent 1 standard error.
The influence of precipitation and stream flow—Precipitation varied greatly from year 
to year during the study period (Table 12). According to the landowners at the project 
site, 1998 was one of the wettest years in the last two decades, with more available forage
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later in the season than usual. In contrast, 2000 was one of the driest years of the last two 
decades, with less available forage than in any year the landowners had seen in at least 
fifteen years. Precipitation for 1999 was similar to the average precipitation for the last 
50 years at that site (Western Regional Climate Center 2001). Alüiough 2000 was the 
driest year it was not the warmest. The monthly high air temperature, in July at Medicine 
Lodge Creek, was highest for 1998, the wettest of the three years (Table 12).
Table 12. Precipitation and air temperatures from the Grant, Montana weather station near Medicine Lodge 
Creek watershed (Western Regional Climate Center 2001).
1998 1999 2000 Avg.
(1949-2000)
Annual precipitation (in) 14.64 9.80 7.48 9.62
Avg. July air 
temperature (®F)
69.02 65.18 65.61 insufficient data
Such variability in precipitation and resulting streamflow and vegetation growth is to be 
expected, but because it affects each stream differently, potential confounding effects on 
analysis must be considered. For example, flow in these headwater streams is partially 
dependent on whether snowmelt runoff or groundwater is the primary water source. 
Additionally, differences in precipitation affected the amount of water available in soils 
for riparian plants, which, in turn, affected available forage and grazing levels on study 
streams.
Stream flow has been shown to influence concentrations of water quality parameters. 
Stream channels flush as flow increases in spring run-off, causing levels of sediment and 
other associated pollutants temporarily to increase. This pattern applied to Medicine
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Lodge Creek watershed in 1998, when a scouring flow occurred at a high run-off level 
(Figure 3). Stream flow was very low in 2000, even during the normal high flow period 
from May to July, and TSS levels also remained low. Stream discharge was not collected 
in June of 1999 due to equipment failure. Based on visual observations, a moderately 
high flow in 1999 elevated levels of sediment and other suspended solids during spring 
runoff.
As was explained in the Metho(fe section, by using only base flow data and flow- 
weighting concentrations of water quality parameters, variation due to streamflow within 
seasons and among years was removed to some extent, therefore it is unlikely that the 
influence of stream discharge is confounding correlation analysis.
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Figure 3. Trend over time for stream flow and TSS. averaged for all study reaches 
from May 1998 to October, 2000.
The influence of beaver activity and land management—Study reaches were split into 
two groups for analysis, based on site characteristics, beaver influence, and grazing 
treatment (see Methods, Table 4). Grouping study reaches by site group, thereby treating 
dissimilar systems separately, reduces the number of factors confounding correlation 
analysis. Kate Creek is the only stream under defenred-rotation grazing and the only stu<ty 
stream affected by beaver activity.
47
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Beaver activity is known to influence stream temperature, fecal coliform levels, sediment 
levels, nutrient levels, and macroinvertebrate communities, among other water quality 
parameters (Larsen 1996, Olson and Hubert 1994). Presence of beaver activity on Kate 
Creek, and its absence on other study reaches, confounds comparisons of different 
grazing treatments in their effect on water quality. The Kate Creek reaches (ML008, 
ML009, and MLOlO) generally display higher levels of TSS and FC, although tiiese 
reaches are all under shorter season grazing, and generally display lower grazing levels 
than reaches in the large pasture site group (Fig. 4).
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Grazing Level Indicators
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Results of Correlation Analysis
Correlations among grazing level indicators and habitat variables—Season averages 
for GLIs are significantly correlated to several aspects of riparian and aquatic habitat 
Grazing level indicators were compared to riparian healtii score, width/depth ratios, 
percent fine sediments and percent spawning gravel in channel substrate, percent shade 
over the stream (canopy cover), percent overhanging bank, and aquatic habitat score.
The habitat parameter most often correlated to grazing levels is occurrence of spawning 
gravel, as determined fi-om Wolman pebble counts (Table 13). The amount of accessible 
bank altered is more correlated to channel condition than the other grazing level 
indicators. Streambank stubble height is negatively correlated to width/depth ratios This 
is most likely because stubble height is measured at the top of banks in situations where 
the shrub component has been removed and banks are sheared, in which case the channel 
generally has also been widened.
Table 13. Significant correlations (rho > 0.5; p < 0.05) between grazing level indicators and riparian and
Year Habitat Parameter Grazing Levdl Indicator rho p value tt
1998/2000 Occurrence of spawning gravel % Browse -0.570 0.019 18
1998/2000 Occurrence of spawning gravel % Key area grazed -0.587 0.015 18
1998/2000 Occurrence of spawning gravel Streambank alteration -0.690 0.004 18
1998/2000 % Canopy Cover Streambank alteration -0.673 0.005 18
1998/2000 % Overhanging bank Streambank alteration -0.794 0.001 18
1998/2000 Riparian Health Score Key area stubble height 0.538 0.027 18
1998/2000 Riparian Health Score % Key area grazed -0.578 0.018 18
1998/2000 Riparian Health Score Streambank stubble height 0.562 0.020 18
2000 Width/depth ratio Streambank stubble height -0.700 0.047 9
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Riparian area health score is significantly correlated to key area stubble height, percent 
key area grazed, and streambank stubble height. Health scores were not compared to 
browse on riparian shrubs or bank alteration, as those parameters are used in calculating 
health scores.
Correlations among water quality and habitat variables—The only significant 
correlations between water quality parameters and riparian and aquatic habitat variables 
were between moving 7-day average water temperature and substrate composition. Water 
temperature was negatively correlated to occurrence of spawning gravel (rho = -0.602, p 
= 0.02) and positively correlated to die percent of fine sediment as determined from the 
Wolman pebble count (rho = 0.553, p = 0.03).
Correlations among GLl and water quality variables—No significant correlations 
resulted finra comparing downstream-upstream differences in water quality to GLI data. 
The lack of significant correlations is not surprising because the difference between the 
downstream and upstream ends of study reaches was often 0, or levels smaller than the 
lower detection limit for the water quality variables analyzed. Short reach length was 
probably the main reason for the lack of change in water quality values from the 
upstream to downstream ends of study reaches. Water quality samples were also 
frequently below detection for some water quality variables on some reaches.
No significant correlations resulted from comparison of average high flow FC, TSS and 
TP with average GLI data from the previous year. Three significant correlations resulted
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from comparison of averaged low-flow water quality and late-season GLI data. Five 
water quality parameters were compared to five grazing level indicators, resulting in 
twenty-five separate correlation analyses. Each of these twenty-five analyses was split by 
site group to determine significant correlations existing between grazing and water 
quality variables in the large pasture and on Kate Creek. At an alpha error level (p) of 
5%, the number of significant correlations that resulted could have been due to chance 
alone. Only the significant correlations (rho > 0.5, p < 0.05) are reported.
Large pasture. There was only one significant correlation (rho > 0.5, p < 0.05) between 
water quality parameters and grazing level indicators on the reaches within the large 
pasture and fall-grazed pasture. Percent of key area grazed is positively correlated to the 
moving weekly maximum water temperature (Table 14).
Table 14. Significant correlations (rho>O.S, p <0.05) for grazing and water quality parameters, analyzed 
by site group.
Site Group Water Quality Parameter Grazing Parameter rho p value n
Large Pasture Weekly maximum 
temperature
Percent key area grazed 0.759 0.003 15
Kate Creek Fecal Cdifoim K ^  area stubble height 0.783 0,027 9
Kate Creek Phosphate Browse -0.860 0.015 9
Figure 5 illustrates that the changing conditions from year to year appear to influence this 
correlation. Data for the large pasture appear to be clustered by year, which is likely due 
to the influence of precipitation and air temperature, among other factors, in the study 
years.
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Figure 5. Scattergram of data for weekly maximum temperature and percent key area grazed, split by site 
grotq) and year. Weekly maximum temperature and key area grazing are siginificantly correlated for the 
large pasture site group.
Kate Creek Analysis revealed two significant correlations between grazing levels and 
water quality parameters for the Kate Creek site group (Table 14). These correlations 
probably are not valid. The significant correlations for the Kate Creek group are not in 
agreement with results from other grazing and water quality studies or die literature on 
grazing and water quality. The results presented in Table 14 indicate that greater 
concentrations of fecal coliform and phosphate are correlated to lower levels of grazing 
(higher levels of browse, and higher stubble height remaining) on the Kate Creek reaches. 
The high levels of fecal coliform and phosphate were probably due mostly to beaver 
activity on Kate Creek. Year to year variation is evident in the data for fecal coliform and 
key area stubble height for the Kate Creek group (Fig. 6), and may have influenced the 
correlation as well. Phosphate data from only 2000 were used in analysis, therefore the 
effect of differing conditions among years is not an issue.
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Conditions in this site group are heavily influenced by recent beaver activity, specifically, 
beaver ponds in various states of filling in, and relatively newly created riparian meadows 
with high water tables. The downstream reach on Kate Creek (MLOlO) is much more 
heavily influenced by upstream beaver activity and high water tables than the other two 
Kate Creek reaches (ML008 and ML009). All of these reaches are sensitive to bank 
alteration and have had a visible accumulation of sediment in the channel in the last two 
years of Iowct flow.
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Figure 6. Scattergram of paired fecal coliform (FC) and key area stubble height data, split by site group 
and year. Fecal coliform and key area stubble height are only significantly correlated for the f&te Creek 
site group.
The lack of significant correlations for any year or for all years in the large pasture, as 
homogenous a study area as one is likely to find, indicates that 1) linear correlations do 
not exist among the variables compared, 2) there is enough natural variation to override 
any correlations that would show up, or 3) the study design did not allow us to assess the 
direct influences of riparian grazing on water quality. A combination of these cases most 
likely describes the reasons for the lack of correlations found.
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Influence of Study Design on Correlation Results
Study reaches were chosen to reflect a range of conditions within the watershed. This 
approach was adopted to determine if correlations held true over different levels of 
grazing and riparian area health on streams with different environmental and 
management influences. There was no real control site available in the study watershed.
A control site would have been a reach with similar characteristics as study reaches but 
with no grazing pressure. All of the riparian areas on the tributaries in the watershed that 
were unforested rangeland systems were grazed, and had been grazed heavily in the past. 
The mainstem was not studied because it is greatly under the influence of haying and 
irrigation. We attempted to compensate for the lack of a control by including sampling 
performed repeatedly over time to capture water quality at a range of grazing conditions.
Data collected in this study represented widely different flow conditions and water years. 
The study period spanned a very wet year, an average year, and a very dry year. Even 
though the wide range of climatic conditions provided an opportunity to test relationships 
among parameters in a variety of conditions, more homogenous conditions may have 
resulted in stronger correlations. In studies designed to use reference areas to compare 
with heavily grazed areas, several years of comparative data are generally required to 
define relationships (Rinne 1998). Three years of data may not be sufficient to determine 
relationships among the study variables, regardless of conditions present during the study 
period.
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Rinne (1988) lists lack of pretreatment data as a design problem common to riparian 
grazing studies. Pretreatment data are difficult to collect in grazing studies because most 
rangeland has seen heavy use in the past, some for over 100 years. The extent of 
alteration to the stream and riparian areas is generally not known, as the existing 
conditions often reflect a century or more of change. Monitoring of seasonal changes in 
riparian grazing is not likely to reflect the long-term trend of grazed riparian areas, 
therefore analysis comparing riparian grazing level indicators to water quality is not 
likely to reflect long-term influences on water quality.
The grazing level indicators used here are designed to measure riparian grazing levels of 
the season, and say nothing about the influences of grazing that occurred in the past. 
Cumulative effects of past grazing are very likely to have affected water quality and the 
way current water quality levels will fluctuate with grazing pressure. Although 
measurements of the grazing level indicators were made in as repeatable a fashion as 
possible, there is still an inherent amount of subjectivity in the measurements, such as in 
estimating stream bank alteration or percent of leaders browsed on riparian shrubs.
The riparian healA and aquatic health indicators used in this study are not very 
susceptible to seasonal trends or annual streamflow patterns. They are more likely to 
reflect long-term influences on stream condition that water quality, which is much more 
variable over time. The great deal of variability in some measurements of riparian health 
and aquatic habitat indicators between study years is probably the main confounding 
influence preventing analysis resulting in more signiflcant correlations with GLIs.
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Several of the methods used to measure the indicators for riparian area health and in- 
stream aquatic habitat are require estimation, and are not repeatable to high degree of 
accuracy. Other variability is due to investigator error and changes in existing conditions 
and livestock use levels on study reaches over the study years.
The study design used was not sufficient to capture water quality from peak run-off 
events and storm run-off. Following a regular sampling schedule, designed mainly to 
capture trends in grazing levels, was not appropriate for defining variability in water 
quality. Water quality is extremely variable over time, and is prone to spurious 
measurements and results. Not all water quality variables were affected by conditions at 
the same spatial and temporal scales. For example, fecal coliform levels are generally 
affected by fairly local influences (Larsen 1996) while sediment levels on a reach may be 
primarily dependent on flow patterns and land management over the entire watershed. 
Jawson and others (1982) found that FC concentrations were related to how recently 
grazing had occurred. In contrast, this and other studies have found TSS concentration to 
be closely tied to runoff patterns.
Edwards and others (2000) found in a study of water quality of runoff from plots with 
simulated grazing that nutrients were more affected by environmental factors such as 
amount and proximity of rainfall than by forage height. They found that concentrations of 
total Kjeldahl nitrogen (TKN) and nitrate N (NOj-N) in runoff were highest for plots with 
highest forage plant heights, but the lowest concentrations of TP and ortho-phosphorus 
(PO4-P) in runoff from plots with higher forage heights.
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In a recent study examining the effects of simulated grazing treatments and duration on 
nutrient concentrations in storm runoff (Edwards and others 2000), different fractions of 
total nitrogen were found to respond differently to different experimental treatments. In 
some cases nitrogen as ammonia (NH3-N), and total Kjeldahl nitrogen (TKN) were more 
easily tied to manure on streams. Eghball and Gilley (1999) found that dissolved 
phophorus (DP) constituted 91% of the bioavailable P in runoff. Monitoring different 
nitrogen and phosphorus fractions for this study may have indicated higher nutrient 
loading than the current stucfy design using TP and NO3-N.
Effectiveness of GLIs as Indicators of Riparian Grazing
Without significant correlations between riparian GLIs and water quality, any 
conclusions about the most effective GLIs for protecting water quality are mostly 
anecdotal. Grazing level indicators do reflect use in the riparian area, and were 
significantly correlated to some indicators of riparian area condition and in-stream 
aquatic habitat Some GLIs are better than others for monitoring the amount of use during 
the year. Many of the grazing level indicators are significantly correlated (rho >0.5, p < 
0.05) and are redundant in many situations (Table 15).
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Table 15. Significant (rho > 0.5, p < 0.05) Spearman correlation results among grazing level indicators at 
Medicine Lodge Credc watershed, 1997-2000 (n = 71 for correlations with key area stubbie height and
Streambank Streambank 
alteration stubble height
Browse on 
riparian shrubs
% K q r area 
gmr»d
Key area 
stubble 
height
Streambank alteration — ( f' 4 NS NS NS
Streambank stubble NS +-H- i-f 4"
hâght
Browse on riparian -  - — NS
shrubs
Percent key area grazed -  - - - +++
Key area stubble height — — - -
+++ = p <0.001, -H- = 0.001 < p <0.01, + = 0.01 < p <0.05, NS = p > 0.05 or rfio< 0.5
Bank alteration is slow to change relative to the vegetative indicators, but it also is slower 
to heal and can indicate more severe detrimental effects of overgrazing on stream 
condition than the other GLIs. Unlike the vegetative characteristics, bank alteration can 
not repair itself over the course of one or often several seasons even if the area is rested 
from grazing. Bank alteration leads to increased bank erosion, which often results in 
more sediment on the channel bottom, more suspended sediments, less overhanging 
cover for fish habitat, and a wider, narrower channel overall, which leads to higher 
stream temperatures. Although bank alteration is difficult to monitor consistently 
compared to some of the other GLIs, it is important to monitor and is more closely tied to 
stream condition than the other indicators.
Key area stubble height and key area percent forage are the most effective GLIs for 
observing change through the season. The two are closely related and should be
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considered together. Key area stubble height is strongly correlated to all other GLIs 
except bank alteration. Streambank stubble height is useful only in areas where willows 
do not line the streambanks or are only sparsely covering them. On banks with dense 
willow cover, generally there is not enough light for graminoids to grow densely enough 
to affect sediment retention, and often graminoids are absent in these areas. While 
keeping stubble heights low for most of the growing season may reduce plant vigor, 
stubble height remaining at the end of the season is often emphasized in grazing 
management to ensure that sufficient stubble remains to trap sediment during the next 
runoff period.
In areas where banks are only lined with grasses, key area stubble height and streambank 
stubble height are often redundant. These two indicators are, in fact, closely correlated 
(Table 15). Streambank stubble height is a better indicator of grazing in sedge-dominated 
wet meadows where k ^  forage areas are not necessarily present near the stream. For 
willow-dominated systems in the area studied, key area stubble height should be used 
rather than streambank stubble height, as it is closely tied to stubble height on the banks 
and is more quickly and accurately measured.
Browse on riparian shrubs is generally minimal until late summer, generally August or 
September, and is not a good indicator of riparian area use early in the growing season. 
Browse levels on shrubs may be affected by several influences, including shrub 
availability, the shrub species available, and wildlife use of shrubs. Browse can be a good 
indicator of riparian grazing levels for late-season grazing, after grazing preference shifts
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from herbaceous plants to shrubs. Browse on current year leaders is relatively difficult to 
monitor consistently and may be too time-consumii^ to monitor practically at low 
browse levels.
Land managers are now starting to recommend moving livestock when preference shifts 
from grazing on herbaceous forage to browsing on riparian shrubs. There was very little 
regeneration of riparian shrubs on the stucfy streams. In certain areas there are only 
decadent willows with no living branches remaining within reach of cattle. Moving cattle 
as soon as they start to browse shrubs is probably necessary in such cases in order to 
prevent eventual removal of willov&% from the area and subsequent damage to the stream.
Use of GLIs is a valid approach to riparian grazing management v^en their use is 
tailored to the system on which monitoring is to be ^plied and sufficient monitoring is 
done to ensure that target levels of grazing use are not exceeded. These GLIs were 
designed to protect streams from detrimental effects of overgrazing. Initial monitoring 
can determine which GLI is most indicative of use in a particular area. Determining 
which indicators to use should also consider which elements of an area are most sensitive 
or impaired. For example, if shrub regeneration is a critical element for maintaining or 
restoring the health of a stream system, browse should be monitored and grazing tailored 
to reduce or omit browse on riparian shrubs.
Grazing level indicators are designed to allow land managers to tailor grazing programs 
to a specific area and maintain or improve stream and riparian area condition through
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active management (Bengeyfïeld and Svoboda 1998). Perhaps the most valuable aspect 
of GLIs is that their use promotes active management and regular monitoring of riparian 
areas. If the streams and riparian areas in a watershed are in good condition, non-point 
source pollution should be reduced, promoting water quality that supports beneficial uses.
Research Recommendations
The primary objective in future studies defining relationships between riparian grazing 
levels and water quality should be to reduce variability due to extraneous factors and 
capture a representative srnnple of the conditions present. Vegetation-based GLIs (such as 
browse and stubble height) have to be measured after plants have grown out, therefore 
GLI data can not be used in paired comparison with water quality data from spring runoff 
flow. High flow water quality data can be compared with GLI data from the previous 
year. Water quality monitoring should be concentrated at low flow, concurrent with 
monitoring grazing, and at high flow in the spring. To determine correlations between 
grazing and water quality it would be better to control timing and intensity of grazing and 
include a control watershed or stream if possible. A control area should have the same 
characteristics as the areas to be sampled yet not have been grazed within the last several 
years. However, finding a control stream in the Intermountain West is difficult because 
very few rangeland streams in this area have not been grazed heavily in the past
Using a survey approach is another option for determining relationships between grazing 
and water quality. This design would involve sampling water quality and GLIs on a large 
number of streams over the landscape at similar time of year and flow conditions. The
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survey approach would be most effective if the health of a large number of streams were 
assessed, and several streams in both very good and poor condition were randomly 
selected for each ecoregion sampled. Choosing only the extremes in the range of 
conditions may reduce the noise in the data, making existing correlations much easier to 
see. A large number of reaches is required for this approach, and an intensive sampling 
effort would have to occur within a short period of time, therefore this option may be 
cost-prohibitive. Funding limitations prevented the current study from following a survey 
approach monitoring a large number of streams over several areas and a range of 
conditions.
Keeping grazing levels strictly controlled or simulating grazing effects would help define 
real correlations between riparian grazing levels and water quality by controlling the 
amount of time between grazing and monitoring. Controlling grazing levels on the study 
reaches was not part of the agreement with the rancher on whose land and leased 
allotments we performed die study. Even with grazing levels controlled, other 
environmental factors that can not be quantified may have stronger influences on water 
quality than grazing.
Studies simulating grazing and rainfall to study water quality in runoff from grazed lands 
can eliminate much of the natural variability by using a structured experimental design as 
a model for actual conditions. Even with influences such as precipitation, runoff timing, 
forage heights, and quantities of manure controlled, the effects of simulated grazing on 
water quality were not consistent among studies and different water quality constituents
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(Edwards and others 2000, Doran and others 1981, Kress and Gifford 1984). These 
studies generally use quantity of manure or stubble height to represent grazing intensity.
A study simulating grazing and rainfall to test linear correlations between GLIs and water 
quality would have to use the different GLIs as the indicators of gazing intensity. Such a 
design would also have to mimic die amount and placement of manure that would be 
associated with the simulated grazing levels. It would also be difficult and detrimental to 
the stream to mimic bank alteration for such a design.
The current study design can be made more effective with only minor modifications. 
Some of the reaches in fair conditions could be rqilaced with more reaches in the best 
available condition and in poor condition. The current design with several reaches in fair 
condition results in data reflecting effects of environmental factors on stream condition 
more than the effects from grazing. Sampling should be concentrated at low flow, late in 
the season, and at peak flow, rather than being distributed relatively evenly over five 
months from mid-May to mid-October. The first three years of sampling for this study 
has already established a good baseline for the grazing and water quality levels present 
throughout the season.
Investigators of the effects of land management activities on water quality in a non-point 
source pollution situation are faced with the challenge of detecting sources of pollution in 
a situation generally characterized by a slow accumulation of pollutants over space and 
time. Water quality sampling design must strike a balance between maintaining a fairly 
homogenous study area and establishing long enough reaches to be able to detect
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significant changes in water quality through the area sampled. Use of longer reaches in 
the current study would probably have resulted in more detectable downstream-upstream 
differences in water quality, but using longer study reaches reduces the likelihood of 
keeping grazing conditions and physical characteristics of the study reaches homogenous. 
Regardless of the design used, monitoring should be conducted over at least five to ten 
years to get and adequate sample of conditions over time.
Management Recommendations
Use of grazing level indicators—The riparian grazing level indicators tested in this 
study were designed to be used with consideration to threshold use levels and sensitivity 
levels defined for the riparian areas grazed. In some cases, wildlife may cause use of 
riparian areas to exceed specified threshold levels even before livestock grazing starts. 
Where grazing level indicators are used, use by wildlife before the grazing season should 
be monitored and considered Wien designating thresholds for grazing use.
In order to be used, grazing BMPs need to be efficient and effective. Key area forage and 
stubble height are good indicators of grazing pressure present in riparian areas throughout 
the growing season, and are easy to monitor. Streambank alteration, although less easily 
measured, can be estimated fairly efficiently and is critical to monitor because of its 
importance to stream health and long-lasting effects. Streambank alteration should be 
given particular consideration in spring, when streambanks are saturated and easily 
fiactured.
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Streambank stubble height is often redundant with key area stubble height and is not 
indicative of grazing levels on shrub-lined streams or when non-palatable species 
comprise streambank graminoid (grass-like) plant communities. Streambank stubble 
height is more useful on sedge-dominated streams. Stubble height on streambanks and in 
key areas should be monitored during the latter part of the growing season to ensure that 
sufficient stubble is left to trap sediment in overbank flow and improve moisture 
retention in riparian soils for the next growing season.
Browse on current year leaders of riparian shrubs has long-lasting effects on riparian area 
and stream health, but is not generally indicative of grazing levels in riparian areas early 
in the growing season. Browse on riparian shrubs should be given particular attention late 
in the growing season when forage preference shifts from grasses to shrubs.
Grazing level indicators allow land managers to tailor grazing programs to a specific area 
and maintain or improve stream and riparian area condition through active management. 
If the streams and riparian areas in a watershed are in good condition, non-point source 
pollution will be reduced and water quality will support its beneficial uses. Grazing level 
indicators should be used as a tool to monitor grazing levels in riparian areas, but 
recommendations for their use to range managers should be sensitive to the need for 
efficiency. The grazing level indicators used should be dependent on which grazing level 
indicators best reflect grazing for the area and the grazing season in which they are used 
and which aspects of stream condition are most critical to protect or improve in the area 
grazed.
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CONCLUSIONS 
Significant Correlations among Study Variables
There were no significant (rho > 0.5, p < 0.05) correlations between water quality 
variables and GLIs that held true for all years and both study site groups. Study design 
and the variable nature of the study parameters contributed to the lack of discernible 
correlations found among variables. Water quality and characteristics of riparian 
vegetation on study reaches in one site group (Kate Creek) appeared to be affected by 
beaver activity. Water quality and grazing level data from all reaches generally varied 
greatly from year to year, and appeared to be affected strongly by changing weather 
conditions and water levels during the study period.
There were several significant correlations between GLIs and indicators of riparian area 
and in-stream aquatic habitat condition. Grazing in riparian has more direct effects on 
riparian area and aquatic habitat variables, therefore it is not surprising that GLIs were 
more closely correlated to indicators of riparian area and aquatic habitat condition than to 
water quality indicators. Streambank alteration was the GLI most often correlated to 
indicators of in-steam aquatic habitat, while the GLIs based on vegetation use were more 
often correlated to riparian area health.
Recommendations for Using Grazing Level Indicators
Grazing level indicators must be as practical as possible if they are to be used as
guidelines to manage riparian area grazing. Their effectiveness will be dependent on their
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being accepted by grazing managers, therefore they should remain voluntary and be 
efficient to use.
Certain grazing level indictors can be more indicative of riparian grazing levels an a 
given area, depending on physical characteristics of the areas grazed or timing of grazing 
Parameters related to herbaceous forage use should only be monitored after the peak of 
the growing season. Key area forage is easier to monitor than streambank stubble height 
and generally provided the same information in the area studied. However, streambank 
stubble height should be used as a guideline in wet, sedge-dominated meadows or other 
areas where streambanks are naturally dominated by grass or other grass-like plants.
Monitoring of riparian grazing levels should focus on browse where shrub regeneration is 
impaired. Browse on shrubs is most pertinent and measurable at the end of the growing 
season, Wien forage preference shifts from herbaceous plants to shrubs.
Streambank alteration from the current season is often diffrcult to determine accurately, 
and is often in the same areas altered in previous years by livestock and wildlife. Bank 
alteration levels change most in the early part of the growing season, when the ground is 
still wet, and is generally concentrated in areas where banks are not protected by shrubs 
or trees. Severe bank damage often results in widespread and long-lasting changes in 
water quality and channel dynamics, therefore preventing bank alteration in high-use 
areas should be a priority in grazing management.
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Recommendations for Future Study Design and Research
Analysis indicated that correlations between grazing level indicators and water quality 
are obscured by many environmental influences and the nature of the study variables.
The sampling schedule in this study attempted to capture trends in water quality and 
riparian grazing levels, which it did, in a general sense. However, this broad monitoring 
approach over a range of conditions was not conducive to defining linear correlations 
between riparian grazing and water quality. The design was more successful at 
determining correlations between GLIs and indicators of riparian and aquatic habitat
The common theme among previous studies of grazing effects on water quality is that 
results are variable and environmental influences on the water quality in rangeland 
streams is not well-defined. Even so, results of this study probably could have been more 
revealing with changes to the design. This project may have been more effective to 
determine cotrelations involving indicators of water quality if reach lengths had been 
longer, which would have increased the likelihood of observing changes in water quality 
within study reaches. Some of the reaches in fair conditions could be replaced with more 
reaches in the best available condition and in poor condition. Sampling should be 
concentrated at low flow late in the growing season and at peak flow, rather than being 
distributed relatively evenly over five months from mid-May to mid-October.
Finding correlations between GLIs and nutrients was probably limited partially by the 
choice of nitrogen and phosphorus compounds monitored. Total phosphorus and total
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nitrates/nitrites are routinely used indicators of nutrient levels in water quality studies, but 
other compounds may have been more appropriate. Future water quality monitoring 
should include sampling for ammonium nitrogen (NH4-N), total Kjeldahl nitrogen 
(TKN), and soluble reactive phosphorus (SRP), in addition to nitrates plus nitrites (NO3- 
/NO2-N) and total phosphorus (TP), to get a more complete picture of the nitrogen and 
phosphorus levels in the rangeland streams.
Establishing correlations between grazing and water quality might have been 
accomplished better using a survey approach of sampling more streams in only the best 
and worst conditions avmlable, keeping methodology, timing of sampling, and 
management influences as consistent as possible. Unfortunately, to be effective that 
design would require several rangeland streams in very good condition, as well as control 
over the timing, duration, and intoisity of grazing on the streams monitored.
Use of Water Quality Standards in Non-point Source Pollution Management
Variability iiAerent in water quality data, plus the high cost of sampling certain 
parameter make accurate assessments of water quality conditions difficult to achieve. 
Current non-point source pollution management still focuses heavily on numeric water 
quality standards, yet management of water resources is often based on data that give an 
incomplete picture of water quality conditions and trends over time and space. Decisions 
in water quality management for other streams have often been based on data collected 
on a much less rigorous schedule than was followed in this study. The high cost of water
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quality sampling and analysis often prohibits intensive sampling sufficient to capture the 
variation in water quality conditions.
One of the original goals of this project was to determine at what level of grazing water 
quality is impaired, using GLIs as indicators of riparian grazing levels. The expectation 
of finding changes in water quality that coincide with changes in grazing levels over the 
season is inherently flawed. Riparian grazing use levels are unlikely to correspond to an 
immediate change or directly related level in water quality. This expectation is also 
dangerous in concept because it promotes a “cookbook” approach, for example, assuming 
that a certain level of stubble height will result in water quality that meets state standards.
Grazing level indicators were designed to protect and improve the physical condition of 
streams and riparian areas, but were never designed to predict water quality. Indicators of 
riparian and aquatic habitat are likely to reflect a direct influence from riparian grazing, 
but some water quality variables may only be directly influenced by changes in 
characteristics of the stream channel or riparian area and are only indirectly affected by 
grazing (Fig. 7).
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Riparian Grazing
Indicators used
in analysis:
1. Streambank 
alteration
2. Streambank 
stubble height
3. Browse on 
riparian 
shrubs
4. Key area %  
grazed
5. Key area 
stubble height
Effects of grazing 
on selected 
indicators of 
riparian area 
health
I Effects of grazing on 
selected indicators of 
in-stream aquatic 
habitat
Potential direct 
and indirect effects 
on water quality
Decrease canopy 
cover; reduce 
riparian health 
score (based on 
native plant cover, 
shrub
regeneration, 
bank protection by 
riparian plants, 
bare ground, 
supply of large 
woody debris, 
invasive plant 
species covCT, 
channel 
incisem^t).
Increase
width/depth ratio; 
increase % fines; 
reduce
overhanging bank 
and vegetation; 
reduce available 
spawning gravel
Increase in 
TSS, stream 
temperature
Decrease in
macro-
invertebrate
community
integrity
Increase in 
FC, nutrients
Figure 7. Conceptual model illustrating effects of riparian grazing as indicated by GLIs on other study 
variables.
Using numeric water qualify standards for management of pollution is a good approach in 
a point source situation such as a discharge outlet from a factory or watstewater treatment 
plant, where effluent is discharged directly into a waterbody. Numeric water quality 
standards were originally designed for this use. However, pollutant levels from a non­
point source, such as grazed rangelands, are influenced by a con^lex set of factors and 
are not easily quantified over time and space. Additionally, water quality is mostly 
indirectly affected by riparian grazing, and more directly affected by the condition of the 
channel and riparian areas and associated hydrological characteristics, which are 
influenced by riparian grazing.
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While it is important to characterize water quality as accurately as possible in areas 
affected by non-point source pollution, management should focus on improving and 
maintaining the condition of stream corridors and the surrounding watershed. Many 
streams in Montana are more impaired by dewatering and habitat degradation than 
specific pollutants. Therefore, focusing on numeric water quality standards for 
management of non-point source pollution will fail to address some of the most severe 
impacts to many streams in Montana. I recommend that non-point source pollution 
management follow a more holistic and direct approach, based less on numeric water 
quality standards and more on the condition of streams and the land surrounding them.
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Appendix A
Reach ID Sample period Year Scfeambai* shAWeW %brDwee Key areaHgnz Key area stubbie he Ktwik altered K(#opa/I00ml)
ML001 01 (9/12/1S97) 1997 7.6 dbcarded 97 NC 23 NC
ktOOl 02 (S/21/1 S971 1997 4.3 discarded 99 NC 26 353
HL001 03 (10/6/S7) 1997 5.9 discarded 100 NC 32.1 NC
ML001 04(S/13/SS) 1998 2.6 44 0 NC 336 14
ML0D1 05 (6/9/S81 1998 5.7 NC 21 2.4 289 16
KL001 OS (7/9/98) 1998 8.3 15 59 NC 33.5 659
MLOOl 07 (7/24/S8) 1998 5.8 17 81 Z J 287 645
utooi 08(8/17/1998) 1998 7 21 76 1,4 31.8 573
MLOOl 09(9/15/1998) 1998 6.9 17 96 1.9 32.5 225
MLOOl 10(9/28/1998) 1998 6.6 15 96 2 29.5 315
HCÛOI 11 (S/25/1999) 1999 6.8 0 70 3.6 30.2 323
»C001 12(9/16/1999) 1999 4.3 29 100 1.3 42 3125
MjOOI 13(10/28/1999) 1999 5.6 47 100 1.7 325 90
MJD01 14(5/14/2000) 2000 3.3 NC 4 1.8 25.5 296
MLOOl 15(6/18/2000) 2000 6.1 1 75 Z4 10.2 194
HC001 16 (7/24/2000) 2000 6.1 17 99 2.2 13 1325
ÜC001 17 (S/27/2000) 2000 3.4 49 100 1,4 21 190
MjOOI 18(10/17/2000) 2000 5 51 100 1.9 25.8 70
ML005 01 (9/12/1997) 1997 5.4 dtocarded 96 NC 385 NC
MjOOS 02(9/21/1997) 1997 4,1 (fiscarded 100 NC SO 290
M.0OS 03 (lO/S/97) 1997 4.2 cBscaided 96 NC 47.5 NC
MLOOS 04(5/13/98) 1998 3.1 47 1 NC 59,5 57
MLOOS 05 (6/9/98) 1998 4.8 NC 31 2.8 61.3 20
MLOOS 06 (7/9/98) 1998 7.1 14 58 NC 58 521
MLOOS 07 (7/24/98) 1998 5.2 21 85 3.9 55.8 351
MOOS 08(8/17/1998) 1998 4.5 4 94 2.2 595 280
MOOS 09(9/15/1998) 1998 5.5 16 72 3.7 50.5 720
MOOS 10 (ft/26/1998) 1998 5.5 16 96 26 54 280
MOOS 11 (6/25/1999) 1999 4.5 13 98 2,2 40.5 159
MOOS 12(9/16/1999) 1999 2.9 37 98 1.1 60 4345
MOOS 19(10/28/1999) 1999 3.2 SO 93 1.7 57.5 90
MLOOS 14 (5/14/2000) 2000 2.5 NC 1 1.6 482 380
MOOS 15(6/18/2000) 2000 4.8 0 98 24 395 195
MLOOS 16 (7/24/2000) 2000 3.6 10 100 2.1 47.5 2430
MLOOS 17 (9/27/2000) 2000 2.9 40 100 1 57.3 250
MOOS 18(10/17/2000) 2000 3.2 30 100 14 64.7 40
ML008 01 (S/12/1997) 1997 7.5 discarded 93 NC 17 NC
ML008 02 (S/21/1SS7) 1997 9.5 ddcarded 88 NC 15 2720
ML006 03 (10WS7) 1997 &8 dbcarded 98 NC 14 NC
MJD06 04(5/13/98) 1998 5 39 3 NC 20.5 9
HL008 05(6/9/98) 1998 7.8 NC 0 5.1 15.6 1140
MLOOS 06 (7/S/SS) 1998 NC 70
MLOOS 07(7/24/98) 1998 10.4 IS 1 11 16 310
MLOOS 06(8/17/1998) 1998 10.6 12 27 9.8 12.2 706
MLOOS 09(9/15/1998) 1998 10.8 15 17 8.1 19 2625
MLOOS 10(9/28/1998) 1998 11.3 12 44 7.2 13 2150
MOOS 11 (6/25/1999) 1999 9,5 0 0 6.4 3,8 55
MLOOS 12(̂ 16/1999) 1999 11.6 32 23 8.8 41.8 1370
MLOOS 13(10/28/1999) 1999 12 62 12 10.4 26.8 175
MOOS 14(5/14/2000) 2000 6.8 NC 16 4 11.8 85
MLOOS 15(6/18/2000) 2000 8.8 1 7 Swi 13.6 235
MLOOS 16(7/24/2000) 2000 8.9 6 74 4.9 29 1270
MLOOS 17(9/27/2000) 2000 4.2 48 99 2 49 725
MLOOS 18(10/17/2000) 2000 4.1 52 98 2.1 56.2 210
MOOS 01 (9/12/1997) 1997 8 discarded 75 NC 18 NC
MLOOS 02 (91/21/1997) 1997 7.3 discarded 61 NC 7.2 1030
MLOOS 03(10/6/97) 1997 CL2 dbcarded 96 NC 19 NC
MOOS 04(5/13/98) 1998 3 55 0 NC 26 11
MLOOS 05 (6/9/98) 1998 7.2 NC 2 6.6 19.2 180
MLOOS 06(7/9/98) 1998 NC 40
MLOOS 07(7/24/98) 1998 4.6 12 0 11.6 10.5 880
MOOS 08(8/17/1998) 1998 9.7 12 23 10 14.8 291
MOOS 09(9/15/1998) 1998 10.8 14 35 8.9 9 2950
MLOOS 10(9/28/1998) 1998 10.4 12 25 8.8 14.5 1030
MLOOS 11 (6/25/1999) 1999 5.9 0 8 9.3 55 135
MOOS 12(9/16/1999) 1999 7.9 20 99 1.9 23.2 345
MLOOS 13(10/28/1999) 1999 7.4 36 94 1.4 19.2 SO
MOOS 14(5/14/2000) 2000 4.8 NC 31 2.1 6 32
MLOOS 15(6/18/2000) 2000 8 3 4 6 1.8 151
MLOOS 16(7/24/2000) 2000 7.8 10 100 2.9 14.5 1325
MLOOS 17(9/27/2000) 2000 6.3 29 100 2 22 535
MOOS 18(10/17/2000) 2000 6.9 26 100 1-9 23.5 295
M010 01 (9/12/1997) 1997 10.9 dbcarded 92 NC 12 NC
M010 02 (9/21/1997) 1997 9.8 discarded 85 NC 20.2 2810
M010 03 (10/6/97) 1997 8.6 discarded 92 NC 53.8 NC
MÛ10 04(5/13/98) 1998 8.2 62 1 NC 85 4
ML010 05(6/9i/96) 1998 11,7 NC a 5.5 87.2 20
ML010 06(7/9/98) 1998 NC 1084
ML010 07 (7/24/98) 1998 12 20 75 84 43 131
M010 08(8/17/1998) 1998 10.4 5 89 4.8 88 697
M010 09(9/15/1998) 1998 9,2 19 82 6.8 60.5 530
MO10 10(9/28/1998) 1998 10.2 25 83 5.3 83 250
M010 11 (6/25/1999) 1999 11.3 5 12 8.7 29 190
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Appendix A
RwchlD Sample oertoo Year Streambank stubble ht Mbrowse Key area %oraz Key area st&tbk ht 96 bank altered FC (# onayiooifii)
KL010 12 {9/16/19991 1999 7.5 51 94 2.4 77.5 700
ML010 13 {10/28/19991 1999 7.1 76 63 2.2 683 40
Mi>10 14(5/14/20001 2000 &1 NC 10 3.3 33 269
HL010 15(8/18/2000) 2000 10.6 3 2 6.8 26 302
KL010 16(7/24/2000) 2000 6.6 50 99 2.6 81.5 260
ML010 17(9/27/2000) 2000 4.2 74 100 2A 78 300
MU)10 18(10/17/2000) 2000 5 71 99 ZZ 86 120
lntJDIS 01 (9/12/1997) 1997 7.2 discarded 96 NC 22 NC
ML015 02(9/21/1997) 1997 5.3 discarded 95 NC 30.3 466
ML015 03 (10/6/97) 1997 55 discaided 97 NC 39.2 NC
luU>1S 04(5/13/98) 1996 3.1 50 5 NC 363 490
MUÛ1S OS (6/9/98) 1998 5 5 NC 61 2.8 40.2 340
ML015 06(7/9/98) 1998 7.6 10 66 NC 41 179
ML015 07 (7/24/98) 1998 6.8 17 90 4.6 35.7 306
ML015 08(8/17/1998) 1998 5.5 18 83 4.3 37.7 538
09 (9/15/1998) 1996 7.1 21 90 2.7 34.3 2280
ML01S 10(9/28/1998) 1998 8.3 20 96 2.4 32.3 530
Mj01S 11 (6/25/19991 1999 7.1 1.006400 64 5.2 22.5 405
ML015 12(9/16/1999) 1999 6.4 49 100 1 31 1210
MjDIS 13(10/28/1999) 1999 5.6 73 99 1,1 30.5 40
MAIS 14(5/14/2000) 2000 3.4 14 2.2 28.5 254
MLÛ1S 15(6/18/2000) 2000 5.7 S 57 3.2 17.7 1555
MOIS 16 (7/24/2000) 2000 5.9 16 100 1.6 20.7 1605
ML015 17(9/27/2000) 2000 4.6 61 100 1.1 21.7 460
MAIS 18(10/17/2000) 2000 4.3 66 100 1.1 23.5 285
MAI 8 01 (9/12/1997) 1997 6 disGarded 99 NC 17.5 NC
MAIS 02 (9/21/1997) 1997 5.4 discarded 96 NC 48 415
MA18 03(10/6/97) 1997 6.2 discarded 97 NC 49.5 NC
MAI 8 04(5/13/98) 1998 1.9 42 7 NC 44.8 2
MAI 8 05 (6/9S/98) 1998 3.8 NC 60 2.4 62.7 33
MOI 8 06(7/9/98) 1998 NC 139
MAI a 07 (7/24/981 1998 7.3 17 62 5.7 46 255
MOIS 08(8/17/1998) 1998 3.6 23 96 2.3 64 335
MAI 8 09 (9/15/1998) 1998 5.1 IS 87 2.5 63 2780
M018 10(9/28/1998) 1998 55 25 94 1.9 61 950
M016 11 (6/25/1999) 1999 3.8 0 87 2.7 185 121
MAIS 12(9/16/1999) 1999 4.8 37 98 1.1 57.2 435
M018 13(10/26/1999) 1999 3.6 69 99 1.2 51 65
MAIS 14(5/14/2000) 2000 23 NC 1 1.8 33.2 4
M018 15(6/18/2000) 2000 3.6 2 97 21 25.8 90
MAIS 16(7/24/2000) 2000 3.9 11 98 2.5 36 2015
M018 17(9/27/2000) 2000 3.1 63 100 1.1 63 NC
M0I8 18(10/17/2000) 2000 2.8 44 100 1.4 61.3 40
MA24 01 (9/12/1997) 1997 11.5 discarded 27 NC 1 NC
M024 02(9/21/1997) 1997 11.7 discarded 70 NC 0 265
M024 03 (10/6/97) 1997 10.9 discarded 58 NC 6.5 NC
M024 04(5/13/98) 3.2 45 6 NC 11.5 39
M024 05(6/9/96) 1998 7 NC 11 6.6 7.8 170
MA24 06(7/9/98) 1998 11.3 14 3 11.2 6.2
MA24 07 (7/24/98) 1998 12 16 4 10.8 3.2 252
MA24 08(8/17/1998) 1998 11.8 18 39 10.2 3.5 190
M024 09(9/15/1998) 1998 11.2 19 34 9.1 4 85
MA24 10(9/28/1996) 1998 11.7 14 35 9 4.5 150
M024 11 (6/25/1999) 1999 11.8 0 0 12 1 120
MA24 12(9/16/1999) 1999 11.7 18 62 6.7 0.5 375
MA24 13(10/28/1999) 1999 11.6 50 69 5.3 4.5 135
ML024 14(5/14/2000) 2000 8.6 NC 88 2.6 3.2 83
M024 15(6/18/2000) 2000 10.1 2 34 3.7 1.2 46
M024 16(7/24/2000) 2000 11.5 3 18 7.2 2 2465
M024 17(9/27/2000) 2000 10.2 20 86 4.2 1.5 495
M024 18(10/17/2000) 2000 10.2 26 93 3.4 2.8 ISO
MA2S 01 (9/12/1997) 1997 9.2 discarded 74 NC 2 NC
M025 02(9/21/1997) 1997 5.9 discarded 93 NC 6 5 157
MA25 03 (10/6/97) 1997 7.3 discarded 99 NC 11 NC
M025 04(5/13)38) 1998 2.6 51 2 NC 18 18
M02S 05 (6)9/98) 1998 4.5 NC 31 3.1 21.2 27
M02S 06(7/9/98) 1998 10.1 12 21 NC 19
M025 07 (7/24/W) 1998 10.8 14 47 6.8 16.8 387
M025 08(8/17/1998) 1998 8.9 19 85 3.4 24 35
M02S 09(9/15/1998) 1998 8.3 19 56 5.7 23 95
M02S 10(9/28/1998) 1998 9.1 25 71 5.7 24 100
MA25 11(6/25/1999) 1999 8.5 0 85 4.3 4.2 21
MA25 12(9/16/1999) 1999 6.1 42 100 1.5 20 240
M025 13(10/28/1999) 1999 5.9 89 99 1.1 12 SO
M025 14(5/14/2000) 2000 3.9 NC 0 1.8 1.2 4
ML025 15(6/18/2000) 2000 S 4 95 1.4 5.2 48
ML025 16(7/24/2000) 2000 7,5 25 99 1.4 19 815
ML02S 17(9/27/2000) 2000 3.2 76 100 1.7 185 535
MA25 18(10/17/2000) 2000 3.7 84 100 1.8 23.2 85
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AppendixA
Reach E) Samola oertod TSS(mo/L) AVQ. mow (Cf») % AcowNWe ioank altered Grazina treatment N (mo/L) P (mfl/L). Upstream cf*
MLOOl 01 (9/12/1897) NC NC NC season-tanq NC NC
MLOOl 02 (9/21/1997) NC NC seawNono
MLOOl 03 (10/6/97) NC NC eeaeofWono
MLOOl 04(5/13/98) 11 6.61 72 seaeorHonq 0.06 9.054
MLOOl 05(6/9/90) 9 7.67 64 eeesofWonq 0.457
MLOOl 06(7/9/90) 7 10.57 89 eeæofHonq 0.23 10.175
MLOOl 07 (7/24/98) 7.5 6.25 60 seaeorMono 0.06 6.333
MLOOl 08(6/17/1990) 7 3.11 62 seasoiMona 3.299
MLOOl 09(9/15/1996) 6 2.90 71 seasorHom 0,07 3.104
MLOOl 10(9/26/1996) 8 284 74 eaaewWonq NC NC 2.966
htOOl 11 (6/25/1999) 10 NC 45 aaaswHona NC NC
MLOOl 12(9/16/1999) 7.5 Z66 62 saasorMons NC NC Z85
MjOOI 13(10/28/1999) 4 2.26 52 seaeorHong NC NC 2.35
MLOOl 14(5/14/2000) 9 2.29 30 seaeorHong NC 0.01
MLOOl 15(6/16/2000) 9.5 1,18 27 saasoiHong NC 0.01 1.164
MLOOl 16(7/24/2000) 4.5 1.81 20 eeaapfWong NC 0.01 1.05
MLOOl 17 (9/27/2000) 4 1,63 44 season4ono NC 0.01 1.55
MLOOl 10(10/17/2000) 4 1.70 SO seasorHong NC 0.02 1.725
MLOOS 01 (9/12/1997) NC NC NC MMon̂ong NC NC
MLOOS 02 (9/21/1997) NC NC season4ong
MLOOS 03 (10/6/97) NC NC seaeofHong
MLOOS 04(5/13/98) 12.5 6.58 75 season-long 0,05 9.099
M.OOS OS (6/9/98) 18 7.83 73 seaeon-tong 0.283
MLOOS 06 (7/9/96) 14 11.26 96 seasorHona 0.09 10.796
MLOOS 07 (7/24/90) 9.5 5.42 67 eeaeon-fong 0.09 4.621
MJOOS 08(6/17/1998) 8 3.89 70 aeasorHong 3.62
MLOOS 09(9/15/1996) 11 1.95 59 9easof>4ong 0.05 2.061
MLOOS 10(9/26/1996) 6 2.62 62 9eaaoo4ong NC NC 2.566
M.005 11 (6,25/1999) 16 NC 44 saasofMong NC NC
MLOOS 12(9/16/1999) 7.5 3.05 69 seaaonlong NC NC 3.17
MXOS 13(10/28/1999) 4 2.50 66 saasoiHong NC NC 223
MXOS 14(5/14/2000) 9 1.17 48 eeaeoMong NC 0.01 1.17
M.OOS 15(6/16/2000) 11 1.13 47 seaeon-iong NC 0.01 1.17
MLOOS 16 (7/24/2000) 8.5 1.61 53 eeaeoMong NC 0.05 1.68
MOOS 17(9/27/2000) 4 1.69 70 seaaorMong NC 0.01 1-7
MLOOS 18(10/17/2000) 4 1.80 74 eaasoo4ong NC 0,01 1.89
MLOOS 01 (9/12/1997) NC NC NC defénaO-rDtaüon NC NC
MLOOS 02 f9/21/1997) 18 NC NC defermd-fotation 0.1
MLOOS 03(10/6/97) 5 NC NC defanaO-iDtaUon 0.2
MOOS 04(5/13/96) 7.5 1,39 54 defenwHotation 0.15 0.06 1.58
MLOOS OS (6/9/98) 455 3.10 37 defémed-rotatlon 0.06 3.2
MLOOS 06 (7/9/96) 21.5 0.93 daferrad-fotation 0.16 0.902
MLOOS 07(7/24/98) 14 0.43 57 defcnad-rotatioft 0.1 0.443
MLOOS 06(6/17/1998) 0.5 0.10 33 deNHTed-rotation 0.07 0.06 0.079
MLOOS 09(9/15/1996) 12.5 0,26 49 deferred-fDtatton 0.28 0,144
MLOOS 10 (9/28/1998) 4 0.15 32 defermd-retattoh NC NC 0.137
MLOOS 11 (6/25/1999) 30 NC 6 dftfarmHotation NC NC
MOOS 12(9/16̂ 999) 1Z5 0,20 52 defemad-fotation NC NC 0.2
MLOOS 13(10/28/1999) 7 0.21 32 defened-rotation NC NC 0.22
MOOS 14 (VI4/2000) 10.5 0.15 15 dafamad-rotatton NC 0.07 0.161
MOOS 15(6/18/2000) 15.5 0.12 16 defened-fotatton NC 0.05 0.121
MLOOS 16(7/24/2000) 10 0.12 36 deferredfotation NC 0.07 0.11
MOOS 17(9/27/2000) 4 0.09 60 defemed-rotation NC 0.06 0.085
MLOOS 18(10/17/2000) 4 0.10 67 defenad-fotation NC 0.07 0.103
MOOS 01 (9/12/1997) NC NC NC defenad-rotatlon NC NC
MLOOS 02(9/21/1997) 4 NC NC defenad-mtadon
MLOOS 03 (10W97) 10 NC NC dafarrad̂ rotaUon 0.11
MLOOS 04(V13/98) 8 Z05 67 defenad-rotatlon 0.06 0.06 1.846
MLOOS 05 (6/9/98) 53 4,97 47 defemMHatation 522
MOOS 06(7/9/98) 22 1.43 defOnad̂ tackon 0.12 1.116
MLOOS 07 (7/24/96) 31 0.76 27 defenrad-rotatlon 0.12 0.841
MLOOS 08(8/17/1998) 29 0.50 3** defenad-mtatlon 0.07 0.14 0.32
MOOS 09 (9/1V199S) 16 0.55 32 defenad-rotation 0.07 0.556
MLOOS 10(9/26/1996) 9.5 0.52 35 defenad-fotation NC NC 0.396
MOOS 11 (6/2V1999) 19.5 NC 14 defenad-TDtatlon NC NC
MOOS 12(9/16/1999) 16.5 0.57 56 deferracHotation NC NC 0.64
MLOOS 13(10/28/1999) 8 0.56 51 defenad-rotation NC NC 0.46
MLOOS 14 (V14/2000) 7.5 0.25 10 defenad-rotation NC 0.17 0252
MLOOS 15(6/18/2000) 13 0.16 5 defenad-rotation NC 0.05 0,165
MOOS 16 (7/24/2000) 13,5 0.14 38 defenad-rotatlon NC 0.07 0.16
MLOOS 17 (9/27/2000) 6.5 0.17 53 defenad-rotation NC 0.05 0.162
MLOOS 16(10/17/2000) 4 0.20 55 defarradfotatlon NC 0.07 0.219
ML010 01 (9/12/1997) NC NC NC deferred-rotatlon NC NC
MOlO 02 (9/21/1997) 24 NC NC defenad-rotation
ML010 03(10/6/97) 7 NC NC defenad-rotation
M010 04 (VI3/96) 9.5 2.78 91 defarred-rotation 0.08 2.636
ML010 OS (6/9/96) 18 4,68 90 defenad-rotation 4.66
ML010 06(7/9/98) 47 2.80 defenad-rotation 0,2 3.006
ML010 07 (7/24/96) 12 1.37 45 defenad-rotation 0.07 0.08 1.557
M010 OS (8/17/1998) 11 0,65 92 deferrad-Fotation 0.07 0.834
M010 09(9/>V1998) 6.5 0.74 63 defenad-rotatlon 0.05 0.631
MLÛ10 10 (9/28/1998) 4 0,86 85 defened-rtAation NC NC 1.012
ML010 11 (6/2V1999) 12 NC 30 defenad-rotatlon NC NC
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AppendixA
Reach ID SamMe oertcxi TSS(ma/L) Ava flow (cfs) % Accessible bsr* altered Orazlna treatment N(mo/L) P (mg/L) upstream cfs
IC010 12 (9/1S/1999) 8.5 1.17 82 deferrecHotatlon NC NC 1.23
ML010 13 (10/28/19») 6 0.89 75 âefenrecHotatkm NC NC 0.74
ML010 14(5/14/2000) 10.5 0.38 35 deferred-rotatton NC 0.1 0.419
MLD10 15(6/18/2000) as 0.25 28 deferred-rotation NC 0.04 0.286
MJ010 16 (7/24/2000) 4 0.21 84 deferredfotation NC 0.1 0.21
ML010 17(9/27/2000) 4 0.28 84 deferred-rotatlon NC 0.02 0.279
ML010 18(10/17/2000) 4.5 0.34 92 deferredfotation NC 0.05 0.343
MAIS 01 (9/12/1997) NC NC NC seasorvtano NC NC
ML015 02 (9/21/1 »7) 16 NC NC aeasorvtona
Mj01S 03 (10/6/97) 9 NC NC seasorHona
ML015 04(5/13/98) 30.5 0.88 65 seasorHona 0.438
05 (6«/M) 143 2.88 78 season-lona 3.69
ML01S 06(7/9/») 19 8.55 es seasorHona 0.06 8.71
HL01S 07 (7/24/98) 36 1.40 72 seasorHona 1.466
ML015 0S(S/17/1»8) 17 0.78 81 eeaswHono 0.818
MjOIS 09(9/15/19») 25 0.83 65 season-tona 0.05 0.07 0.751
MX)IS 10(9/2a/1»8) 9.5 0.57 63 seasorHona NC NC 0.588
ML01S 11 (6/25/19») 44 NC 43 seasorHona NC NC
ML015 12(9/16/19») 24.5 0.86 64 seasorHona NO NC 0.93
Mi)1S 13(10/28/19») 4 0.89 64 seasorHona NC NC 1.1
*015 14 (5/14,2000) 11 0.26 59 seasorHona NC 0.05 0.246
ML01S 15(6/18/2000) 11.5 0.18 60 seasorHona NC 0.03 0.185
MjOIS 16(7/24/2000) 23.5 0.21 61 seasorHona NC 0.09 0.21
MLOIS 17(9/27/2000) 9 0.33 60 season-tona NC 0.02 0.292
ML01S 18(10/17/2000) 5 0.41 68 seasorHona NC 0.03 0.407
MLOIS 01 (9/12/1M7) NC NC NC seasorHona NC NC
M.018 02 (9/21/1M7) 5 NC NC season-tona
MLOIS 03 (10/6/97) 6 NC NC seasorHona
MLOIS 04 (5/13/») 4 0.39 57 season-tona 0.297
MOIS 05(6/9/») 55 0.52 74 season-tono 0,725
MOIS 06(7/9/») 9 1.62 seasorHona
MOIS 07 (7/24/98) 4.5 0.74 55 season-tona 0.74
MLOIS »(S/17/1»8) S 0.39 76 season-tona 0.07 0.23
MLOIS 09(9/15/19») 9 0,27 84 seasorHona 0.05 0.11
MOIS 10 (9/28/1998) as 0.21 74 seasorHona NC NC 0.14
MOIS 11 (6/25/19») 7 NC 32 season-tona NC NC
MOIS 12(9/16/19») 11.5 0.28 76 season-tono NC NC 0.23
MLOIS 13 00/28/19») 5 0.24 89 season-tona NC NC 0.19
MOIS 14 (VI4/2000) 55 0.09 47 seasorHona NC 0.02 0.118
M.018 15 (VI6/2000) 7 0.03 38 season-tono NC 0.03 0.029
MOIS 16 (7/24/2000) 0.01 51 seasorHona NC 0.07 0.006
ML018 17 (9/27/2000) 86 season-tono NC
MOIS 1800/17/2000) 8 0.04 82 seasorHona NC 0.01 0.031
M024 01 (V12/1M7) NC NC NC faeoraztoD NC NC
ML024 02 (9/21/1 »7) 4 NC NC fadarazina
ML024 03OV6/97) 2 NC NC faxarazina
M024 04 (V13/M) 12 aïs 26 faUqraztoa 0.05 1.409
M024 05 (&W») 35 aoB 18 Woraztoa 0.08 2.537
ML024 »(7/9») 39.5 NC 14 faxarazina 0.09
M024 07 (7/24/98) 9.5 4.32 6 faMqradnq 4.968
M024 08(V17/19M) 7.5 283 8 fanoraztoa 2.548
ML024 09 (VIV19M) 10 218 10 faWarazina 0.07 Z362
M024 10 (9/2V19») 7.5 1.85 11 faUorazlna NC NC Z026
ML024 11 (6/2 V19») 30.5 NC 3 t^a n a tn a NC NC
M024 12 0/IV19») as 1.52 2 faUarazfna NC NC 1.71
ML024 13O0/2V19») 4.5 1.48 12 faHoiazlna NC NC 1.65
ML024 14 (V14/2000) 9 0.34 8 fallorazlna NC 0.03 0.303
M024 I5(V16/2000) 17 a39 7 faHgraano NC 0.01 0.41
M024 16(7/24/2000) 9 0.62 7 faNaradno NC 0.02 0.55
M024 17(9/27/2000) 6 0.77 3 fail grazing NC 0.01 0.769
M024 1800/17/2000) 4 0.82 9 faworazina NC 0.02 0.839
ML025 01 (V12/1»7) NC NC NC seasorHona NC NC
ML02S 0Z(9/21/1»7) 2 NC NC season-tona
M025 03 (1V6/97) 2 NC NC seasorHona 0.09
ML025 04(V13/M) 8 1.95 29 seaeorHonq 0.07 Z306
ML025 0S(V9/M) 8 Z42 32 seasoiHofXi
M025 06 (7/9/M) 55 NC 32 seasorHona 0.05 0.08
M02S 07(7/24/») 8 3.90 27 seasorHona 3.762
M025 » ( VI7/19») 7.5 262 34 seasorHona 0,12 2.527
M02S »  (VIVI9») 4 1.89 43 seasorHona 0.07 1.609
ML025 10(9/2V19») 4 1.82 45 season-tong NC NC 1.792
ML02S 11 (6/2 VI9») 19 NC 6 seasorHona NC NC
M02S 12 (VIVI9») 5,5 1.59 32 seasorHong NC NC 1.69
HL025 13 0V2V19») 4 1.18 20 season-tona NC NC 1.31
M02S 14(V14/2000) 55 0.36 2 seasorHona NC 0.01 0.354
M02S 1S(V1S/»00) 12 0.53 9 seasorHona NC 0.01 0.494
M02S 16(7/24/2000) as 0.77 31 seasorHong NC 0.04 0.73
M025 17(V27/2000) 5 0.80 27 seasorHona NC 0.01 0.781
ML025 18(10/17/20001 ----4^ 0.94 38 seasorHong NC 0.01 o .m
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^pcnd ixA
RsachD SaniDle ovIdO Dawnscmam cfs TSSDS4JSt*tf KOMIS 061 P054is<9rr
M jOOI 0 1 1 9 /im aan
M001 02 (S/21/ISS7) -42
MOOT osnowsT)
MjOOI 04f5/1S/SSl 6173 2 ■4
Moot 05C6/S/SS) 6.SSS 2 16
MLOOl 06 (7/S/SS) 10.955 0 346
MjOOI 07 (7/24/SS) 6.156 -3 590
M001 OS (8/17/1SSS) 2.911 0 -322
MjOOI OS (9/1S/1SS8) 2704 2 -50
MjOOt 10 (9/28/ISS8) 2715 2 -170
Moot 11 (6/25/1 SSS) 6 -470
MjOOI 12 (S/16/1 SSS) 251 1 3990
MLOOl 13 (10/2S/1SSS) 2.16 0 40
Moot 14(5/14/2000) 2 -428 0
MLOOl 15(6/18/2000) 1.19S 3 -72 0
MLOOl 16(7/24/2000) 1.76 1 SO 0.01
MjOOI 17(3/27/2000) 1.707 0 20 0
Moot 18(10/17/2000) 1.677 0 -60 0
MLOOS 01 (S/12/1SS7)
MLOOS 02 (SÆ1/1SS7) •72
MLOOS 03 (KVS/S7)
MLOOS 04 (5/13/SS) 8061 -3 34
MLOOS 05(6/S/SS) 7.367 10 8
MLOOS 06 (7/S/SS) 11.754 14 186
MOOS 07 (7/24/SS) 6.227 3 -42
MJOOS 08 (8/17/1 SSS) 4.15 4 -36
MOOS OS (9/15/1 SSS) 1.835 0 -220
MLOOS 10 (9/28/1SSS) 2.6S2 -2 -SO
MOOS 11 (6/25/1SSS) 2 10
MLOOS 12 (9/16/1SSS) 292 •1 5770
MLOOS 13 (10/2S/1SSS) 276 0 -20
MOOS 14(5/14/2000) 1.16 0 300
MOOS 15(6/18/2000) 1.1 2 -70 0
MOOS 16(7/24/2000) 1.93 1 520 0/)4
MOOS 17(9/27/2000) 1,675 0 -160 0
MOOS 18(10/17/2000) 1.714 0 0 0J>1
ML006 01 (9/12/1997)
MOOB 02 (S/21/19S7) 5 •140
MLOOS «  (10/8/97) -2
MOOS 04(5/13/W) 1.205 14
MOOS 05(6/9/96) 299 17 -1740
MOOS 06(7/9/98) 0.964 3 •20
MOOS 07 (7/24JW) 0.419 0 -80
MLOOS 06(8/17/1998) 0.12 1 68
MLOOS 09 (9/1VI SSS) 0.366 11 210
MLOOS 10 (9/2V1SS8) 0.169 100
MLOOS 1K6/2V1S99) 6 SO
MLOOS 12(V1V1S9S) 02 3 160
MOOS 13 (1Q/2V1S99) 0.19 -4 -170
MOOS 14(V14/2000) 0.144 5 -14 0
MLOOS IS (VI6/2000) 0.126 3 110 0
MLOOS 16 (7/24/2000) 0.12 2 100 0
MLOOS 17(9/27/2000) 0.091 0 170 0
MLOOS 18(1V17/2000) 0.101 0 -SO -0.01
MOOS 01 (V12/1997)
MLOOS 02 (S/21/1997) -6 -300
MLOOS 03 (1V6/97) -4
MOOS 04 (VI3/96) 2244 -2 -18
MOOS 05(6/9/96) 3.52 -56 180
MLOOS 06 (7/9/96) 1.736 0 -20
MOOS 07 (7/24/96) 0.68 2 40
MOOS 06(V17/1998) 0.674 2 2
MOOS 09 (V1V1SSS) 0.55 6 2320
MLOOS 10(S/2V1SS6) 0.643 -1 -120
MLOOS 11 (6/2 VI999) -1 -10
MLOOS 12(V1V1S99) 0.5 3 90
MLOOS 13 (10/2V1SS9) 0.63 4 40
MLOOS 14(V14/2000) 0.252 1 S -0.23
MLOOS IS (VIS/2000) 0.159 0 -58 0
MLOOS 16(7/2V2000) 0.12 3 ISO 0
MLOOS 17(9/27/2000) 0.1S4 -3 -110 0.02
MLOOS 16(1V17/2000) 0.187 0 30 0.02
ML010 01 (V12/1SS7)
M010 02(V21/1SS7) IS 2380
MLOtO 03(I0/VS7) 3
MjOIO 04(V13/9S) 2913 1
MD10 05 (6Æ/9S) 4.69 S -20
M010 06 (7/9/SS) 2587 -6 -1572
ML010 07 (7/2VS6) 1.169 0 -6
M010 08 (VI7/1 SSS) 0.473 4 358
MOtO OS(VIVISSS) 0.S54 5 -100
M010 10 (9/2V1SS6) 0.702 -140
M010 11 (V2V1S99) 2 -» ! ......
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Appendix A
Raadi ID Sample period Downstream cfs TSSDS-USdlff FC DS4JS diff PDSHJSdtfT
MjOIO 12(9/16/1939) 1.11 -9 380
ML010 13(10/28/1999) 1.04 2 20
MjOIO 14(5/14/2000) 0.334 7 -34 -0.07
ML010 15(6/18/2000) 0.236 -1 212 0
MJÏ10 16 (7/24/2000) 0.21 0 160 -0.13
MO10 17 (9/27/2000) OJS79 0 -20 0
ML010 18(10/17/2000) 0345 1 0 0
MOIS 01 (9/12/1997)
ML015 02 (9/21/1997) 0 488
ML015 03 (10/6/97) 3
ML015 04(5/13/98) 1.32 25 -128
MLOIS 05 (6/9/98) 2.07 52 56
MLOIS 06 (7/9/96) 839 4 66
MLOIS 07 (7/24/98) 1.941 28 -60
MLOIS 08(8/17/1998) 0,734 4 -180
MLOIS 09(9/15/1998) 0.902 20 -540
MLOIS 10 (9/28/1998) 0.546 3 20
MLOIS 11 (6/25/1999) 8 110
MLOIS 12(9/16/1999) 0.78 3 240
MLOIS 13(10/28/1999) 0.68 0 -20
MLOIS 14(5/14/2000) 0.272 6 -372 -0.04
MLOIS 15(6/16/2000) 0.167 -7 -190 0.01
MLOIS 16 (7/24/2000) 0.2 -3 ■370 -0.09
MLOIS 17(9/27/2000) 0.366 0 -260 0
MLOIS 18(10/17/2000) 0.405 2 270 0.01
ML016 01 (9/12/1997)
ML01S 02 (9/21/1997) -8 -46
MLOIS 03(10/6/97)
MÛ18 04(5/13/98) 0.487 0
MLOIS OS (6/9/98) 0.31 2
MOIS 06(7/9/98) 6 162
MLOIS 07 (7/24/98) 0.737 1 58
MLOIS 08(8/17/1998) 0.548 •2 6
MOIS 09(9/15/1998) 0.438 6 -1520
MLOIS 10(9/28/1998) 0.2^ 1 300
MLOIS 11 (6/25/1999) -2 46
MLOIS 12(9/16/1999) 0.33 *7 330
MLOIS 13(10/26/1999) 0.26 2 -10
MLOIS 14(5/14/2000) 0.062 4
MLOIS 15(6/18/2000) 0.037 60 -0.02
MLOIS 16 (7/24/2000) 0.005 0.06
MLOIS 17(9/27/2000)
MLOIS 18(10/17/2000) 0.047 8 20 4X01
ML024 01 (9/12/1997)
ML024 02(9/21/1997) -166
ML024 03 (10/6/97)
ML024 04(5/13/98) 2.892 -2 18
MJ024 05(6/9/98) 3,23 14 -8
M.024 06 (7/9/98) -3 -18
MJ024 07 (7/24/98) 3.663 1 240
ML024 06(8/17/1998) 2,705 1 -60
NL024 09(9/15/1998) 1.965 0 10
M.024 10(9/28/1996) 1.673 3 -40
ML024 11 (6/25/1999) 1 40
P4J)24 12(9/16/1999) 1.33 3 •30
ML024 13(10/26/1999) 1.31 -1 -SO
ML024 14(5/74/2000) 0.381 0 14 0.01
ML024 15(6/18/2000) 0.376 0 8 0
ML024 16(7/24/2000) 0.68 6 870 0
MLÜ24 17(9/27/2000) 0.771 •4 -70 0,01
WJ024 18(10/17/2000) 0.61 0 -40 0
ML025 01 (9/12/1997)
ML02S 02(9/21/1997) 2
MJÛ25 03 (10/6/97)
ML02S 04(5/13/96) 1.SSS -2 -16
M.025 OS (6/9/96) 6 38
ML025 06 (7/9/98) 14 SO
ML02S 07 (7/24/96) 4.029 -4 -322
ML0Z5 08(8/17/1998) 2.713 7 -10
KL025 09(9/15/1998) 2.161 -50
ML025 10(9/28/1996) 1.846 -20
M.025 11 (6/25/1999) 4 -2
M025 12(9/16/1999) 1.49 -1 -200
N102S 13(10/28/1999) 1.05 0 20
W025 14 (5/14/2000) 0.365 -1 -4 -001
M.025 15(6/18/2000) 0.557 *2 -52 0
MLQ2S 16 (7/24/2000) 0.8 3 50 -0.03
ML02S 17(9/27/2000) 0.822 0 90 0
ML025 18(10/17/2000) 1.001 1 -30 -0.01
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Riparian
Reach ID 
MLOOl 
MLOOS 
ML008 
ML009 
ML010 
MLOIS 
ML018 
ML024 
ML02S 
MLOOl 
MLOOS 
ML008 
MLOOS 
ML010 
MLOIS 
ML018 
ML024 
ML025 
MLOOl 
MLOOS 
MLOOS 
MLOOS 
MLOlO 
MLOIS 
ML018 
ML024 
ML02S
AppendixA
and in-stream aquatic h^itat and season averages for GU and water quality data.
YEAR % Overhanging bank/veg Moving avg. max. temp % canopy cover % fines (Woiman)
1998
1998
1998
1998
1998
1998
1998
1996
1998
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999
1999
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000
63.7 
44
79.7
63.7
11.5
42.5 
9
79.7
51.7
35.2
17.3
49.5
52.5 
28
52.5
12.3
83.7
51.7 
64
27 
50 
62
13.3 
71
28
86.5 
52
56.6
58 
61.1
59.6 
66.8
61.6 
58.6
55.3 
53
50.8
57.9
59
58.9
58.5
55.4
52.8
63.3
63.3
54.2 
64
62.8
61.8
58.2
49
43
61
59
25
62
36
63
66
57
42
94
91
26
85
44
77
85
33
42
66
67
87
71
54
40
27
55
43 
72 
90 
85 
63
44 
44 
52
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Appendix A
Reach ID YEAR % spawning gravels % Bank altered % Accessible bank altered Streambank stubble ht
MLOOl 1SS8 54 31.21 71.6 6.1
MLOOS ISSS 52 56.5 72 5.2
MLOOS isse 30 16.4 43.7 9.3
MLOOS ISSS 30 15.67 40.3 7,6
ML010 ISSS 5 75.75 78.8 10.3
MLOIS ISSS 5 36.7S 72.8 6.3
MLOIS ISSS 14 56.92 70.1 4.5
ML024 ISSS 58 5.S2 13.5 9.8
ML025 ISSS 63 20.89 34.7 7.8
MLOOl ISSS 35 53 4.7
MLOOS ISSS 52.7 59.7 3.3
MLOOS ISSS 24 30 10.9
MLOOS ISSS 16 41.2 5.3
ML010 ISSS 57.5 62.2 8.7
MLOIS ISSS 28 57.1 4.7
MLOIS ISSS 42 58.9 3.5
ML024 ISSS 2 5.7 6
ML025 ISSS 12 IS .l 5.7
MLOOl 2000 27 19.1 37.4 4.8
MLOOS 2000 29 50.8 58.5 3.4
MLOOS 2000 17 32 39 6.6
MLOOS 2000 10 13.6 32.1 6.8
MLOlO 2000 6 60.9 64.8 6.9
MLOIS 2000 2 22.4 61.8 4.8
MLOIS 2000 2 43.9 60.7 3.1
ML024 2000 53 2.1 6.7 10.1
ML025 2000 43 13,5 21.2 4.7
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Appendix A
Riparian and in-stream aquatic habitat and season averages for GLI and water quality data.
Reach ID YEAR % browse % Key area grazed Key area stubble ht Fecal coliform (*
MLOOl 1998 21.5 61.3 2.08 350
MLOOS 1998 22.6 57.2 3.26 318
MLOOS 1998 18.9 1S.3 8.26 1001
ML009 1998 21.2 14.2 9.22 769
MLOlO 1998 31.6 49.8 6.51 388
MLOIS 1998 22.7 70.1 3.38 666
ML018 1998 24.5 67.7 2.94 642
ML024 1998 21.1 18.9 9.49 148
ML025 1998 23.4 45 4.95 110
MLOOl 1999 24 45 2.3 1179
MLOOS 1999 36.2 48.2 1.7 1531
MLOOS 1999 28.2 5.8 8.7 533
ML009 1999 19.3 33.5 4.2 177
MLOlO 1999 41.3 31.5 4.4 280
MLOIS 1999 41 43.8 2.5 552
MLOIS 1999 36.8 47.3 1.8 207
ML024 1999 22.8 21.8 8.8 210
ML025 1999 43.7 47.3 2.4 104
MLOOl 2000 29.3 93.5 1.95 415
MLOOS 2000 20 99.5 1.7 659
MLOOS 2000 26.7 69.5 3.62 505
MLOOS 2000 17 76 2.98 468
MLOlO 2000 49.4 75 3.47 250
MLOIS 2000 37 8 9 2 1.85 832
MLOIS 2000 29.8 98.8 1.79 537
ML024 2000 12.7 57.8 4.2 648
ML025 2000 47.3 98.5 1.61 297
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AppendixA
Reach ID YEAR TSS(mgA) streamflow (cfs) P (mg/L) Site group
MLOOl ISSS 7.S 5.SS Large Pasture
MLOOS ISSS 11.3 5.94 Large Pasture
MLOOS ISSS 16.2 0.91 Kate Creek
MLOOS ISSS 24.1 1.45 Kate Creek
MLOlO ISSS 15.4 1.98 Kate Creek
MLOIS ISSS 40 2.27 Large Pasture
MLOIS ISSS 6.5 0.59 Large Pasture
ML024 ISSS 17.3 2.67 Large Pasture
ML02S ISSS 13.2 2.43 Large Pasture
MLOOT ISSS 7.2 2.47 Large Pasture
MLOOS ISSS S.2 2.77 Large Pasture
MLOOS ISSS 16.5 0.2 Kate Creek
MLOOS ISSS 15.3 0.56 Kate Creek
MLOlO ISSS 8.8 1.03 Kate Creek
MLOIS ISSS 24.2 0.87 Large Pasture
MLOIS ISSS 7.8 0.26 Large Pasture
ML024 ISSS 14.5 1.5 Large Pasture
ML025 ISSS S.S 1.39 Large Pasture
MLOOl 2000 6.2 1.72 0.01 Large Pasture
MLOOS 2000 7.3 1.52 0.02 Large Pasture
MLOOS 2000 10.4 0.12 0.06 Kate Creek
MLOOS 2000 6.S 0.19 0.08 Kate Creek
MLOlO 2000 6.3 0.29 0.06 Kate Creek
MLOIS 2000 12 0.28 0.04 Large Pasture
MLOIS 2000 6.8 0.04 0.34 Large Pasture
ML024 2000 S 0.59 0.02 Large Pasture
ML02S 2000 7.1 0.68 0.02 Large Pasture
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Appendix A
Riparian and in-stream aquatic habitat and season averages for
Reach ID YEAR W/D ratio Health Score Flow-weighted dow
ML001 1SS8 68 8.1
MLOOS 1SS8 SS 8.5
ML006 1SS8 64 4.5
MLOOS 1SS8 75 16.1
ML010 1SSS SS 5.8
ML015 1SS8 S6 22.S
ML018 1SS8 67 5.3
ML024 7SS8 76 3.4
ML025 tsss 82 5.4
ML001 1SSS 5.6
MLOOS 1SSS 4.6
MLOOS ISSS S.7
MLOOS tsss 15
MLOlO ISSS 4
ML015 ISSS 17.7
ML016 ISSS 6
ML024 tsss 6.3
ML025 tsss 4.1
ML001 2000 7.4S 6S 3
MLOOS 2000 7.86 60 5
MLOOS 2000 3.17 61 4.5
MLOOS 2000 4.4S 63 7.6
ML010 2000 6.12 56 3.3
ML01S 2000 4.SS 4S 10.2
ML018 2000 5.5S 51 S.3
ML024 2000 5 70 5.4
ML025 2000 8.44 75 5.4
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Appendix A
Reach ID YEAR Flow-welÿited downstream FC Flow-weighted downstream P Late-season %
MLOOl 1398 301.7
MLOOS 1998 327.4
MLQ08 1998 1690.3
MLOOS 1998 1565.8
ML010 1998 534
ML015 1998 1060.8
ML018 1998 723.2
ML024 1998 134.9
ML025 1998 SS.7
MLOOl 1999 4741 37.912
MLOOS 1999 3910.9 43.077
MLOOS 1999 790.7 46.972
MLOOS 1999 231.1 28.187
ML010 1999 505.1 63.302
ML015 1999 797.3 61.107
ML018 1999 298.6 53.359
ML024 1999 268.9 34
ML025 1999 115.5 65.5
M.001 2000 550.3 0.02 38.663
MLOOS 2000 980.3 0.03 26.615
MLOOS 2000 769.7 0.06 35.148
MLOOS 2000 696.2 0.07 21.754
ML010 2000 232.1 0.04 65.031
ML015 2000 587.2 0.03 47.753
ML018 2000 373.2 0.01 39.128
ML024 2000 999.4 0.02 16.351
ML025 2000 447.5 0.01 61.737
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Appendix A
Reach ID YEAR L-S streambank stubWe ht L-S %KA grazed L-S KA stubble ht L-S 96Acc. bank altered
MLOOl 1998 6.86 89.333 1.775 68.993
MLOOS 1998 5.21 87.333 2.854 63.831
MLOOS 1998 10.9 29.333 8.383 38.039
ML009 1998 10.287 27.667 9.258 33.656
ML010 1998 9.937 84.667 5.652 66.705
ML01S 1998 6.97 89.667 3.158 69.825
ML018 1998 4.763 92.333 2.212 78.194
ML024 1998 11.563 36 9.433 9.551
ML025 1998 8.753 71.333 4.908 40.888
MLOOl 1999 4.938 100 1.494 57.111
MLOOS 1999 3.063 95.5 1.413 67.523
MLOOS 1999 11.775 17.5 9.65 42.144
ML009 1999 7.644 96.5 1.675 54.729
ML010 1999 7.321 68.5 2.288 78.062
ML015 1999 5.99 99.5 1.081 64.064
ML018 1999 4.204 98.5 1.144 72.608
ML024 1999 11.663 65.5 6 7.094
ML02S 1999 6.034 99.5 1.337 25.646
MLOOl 2000 4.853 99.667 1.867 40.575
MLOOS 2000 3.216 100 1.5 65.869
MLOOS 2000 5.727 90.333 3.004 54.174
ML009 2000 7.007 100 2.242 48.55
ML010 2000 5.243 99.333 2.4 86.775
ML01S 2000 4.936 100 1.287 63.139
ML01S 2000 3.267 99.333 1.675 73.073
ML024 2000 10.66 65.667 4.917 6.355
ML025 2000 4.807 99.667 1.617 31.89
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Appendix A
Riparian and in'Stream aquatic habitat and season averages for Œ J and water quality data.
Reach ID YEAR Macroinvertebrate Index score Taxa richness Ephemoptera richness
MLOOl 199S 19 21 6
MLOOS 199S 20 27 10
MLOOS 199S 19 22 6
ML009 1998 11 16 3
ML010 1998 13 18 3
ML015 1998 17 27 4
ML01B 1998 16 26 6
ML024 1998 19 25 9
ML025 1998 17 22 9
MLOOl 1999 21 27 8
MLOOS 1999 21 46 13
MLOOS 1999 14 15 4
MLOOS 1999 15 26 4
ML010 1999 12 20 3
ML015 1999
MLOIS 1999 19 42 9
ML024 1999 19 22 9
ML025 1999 19 18 6
MLOOl 2000 21 43 12
MLOOS 2000 21 41 12
MLOOS 2000 20 36 7
ML009 2000 19 36 4
ML010 2000 20 43 4
MLOIS 2000 18 42 5
ML018 2000 16 24 3
ML024 2000 21 44 12
NL025 2000 21 40 10
93
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Appendix A
Riparian and in-stream aqiWic habitat and season averages for Œ J and water quality data.
Reach ID YEAR Plecoptera richness Trichoptera richness % Tolerant taxa Sensitive taxa rirfuiess
MLOOl tsss 4 3 0.S 11
MLOOS ISSS 4 5 1.7 15
MLOOS ISSS 4 3 0 9
MLOOS ISSS 1 2 0 3
ML010 ISSS 3 3 0 5
ML015 ISSS 4 5 0.7 10
MLOIS 1998 3 2 0.8 8
ML024 ISSS 4 3 0 12
ML025 1998 4 2 0 10
M.001 ISSS 4 5 0.6 8
MLOOS ISSS 9 S 1.1 IS
MLOOS ISSS 3 1 O.S 6
MLOOS ISSS 4 2 1.5 6
MLOlO 1999 3 2 0 6
MLOIS ISSS
ML018 1999 6 7 20.S 14
ML024 1999 5 4 0 13
ML025 1999 4 5 0 9
MLOOl 2000 10 6 0.9 18
MLOOS 2000 6 S 0.7 17
MLOOS 2000 7 3 0.2 13
MLOOS 2000 5 3 0.9 10
MLOlO 2000 6 6 1.4 12
MLOIS 2000 6 S 0.3 11
MLOIS 2000 5 3 1.7 8
ML024 2000 9 6 0,5 18
ML025 2000 9 10 1.1 16
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Appendix A
Riparian and in-stream aquatic habitat and season averages for GLI and water quality data
Reach ID YEAR % Filter ft
MLOOl 1998 4
MLOÔ 1998 3
MLOOe 1998 2
MLOOS 1998 6
MLOlO 1998 21
ML015 1998 12
ML018 1998 7
ML024 1998 3
ML025 1998 6
MLOOl 1999 1
MLOOS 1999 2
MLOOS 1999 0
MLOOS 1999 11
MLOlO 1999 12
MLOIS 1999
ML018 1999 2
ML024 1999 1
ML025 1999 3
MLOOl 2000 1
MLOOS 2000 1
MLOOS 2000 0
MLOOS 2000 3
MLOlO 2000 3
MLOIS 2000 10
MLOIS 2000 15
ML024 2000 1
ML025 2000 2
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